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(54) Chimaeric adenoviruses 

(57) The present invention provides methods and 
vector systems for the generation of chimaeric recom- 
binant adenoviruses. These hybrid adenoviruses con- 
tain a genome that is derived from different adenovirus 
serotypes. In particular, novel hytxid adenoviruses are 
disclosed with improved properties for gene therapy 
purposes. These properties include: a decreased sensi- 
tivity towards neutralizing antibodies, a nrKxJified host 
range, a change in the titer to which adenovirus can be 
grown, the ability to escape trapping in the liver upon in 
vivo systemic delivery, and absence or decreased infec- 
tion of antigen presenting cells (AFC) of the immune 
system, such as macrophages or dendritic celts. 
These chimaeric adenoviruses thus represent improved 
tools for gene therapy and vaccination since they over- 
come the limitations ofc>served wrth the curently used 
serotype subgroup C adenoviruses. 
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Description 

[0001 ] The invention relates to the field of nrwlecular genetics and mecficine. In particular the present invention relates 
to the field of gene therapy, nnore in particular to gene therapy using viruses, especially adenoviruses. 
5 [0002] In gene therapy, genetic iniornrration is delivered to a host cell in order to either correct (supplement) a genetic 
deficiency in said cell, or to inhibit an unwanted function in said celt, or to eliminate said host cell. Of course the genetic 
information can also be intended to provide the host cell with a wanted function, for instance to supply a secreted pro- 
tein to treat other cells of the host, etc. 

[0003] Thus there are basically three different approaches in gene therapy, one directed towards compensating a def i- 
10 ciency present in a (mammalian) host; the second directed towards the removal or elimination of unwanted substances 
(organisms or cells) and the third towards providing a ceil with a wanted function. 

[0004] For the purpose of gene therapy, adenoviruses have been proposed as suitable vehicles to deliver genes to 
the host. Gene-transfer vectors derived from adenoviruses (so-called adenoviral vectors) have a number of features 
that make them particularly useful for gene ti^nsfer. 1) the biology of the adenoviruses is characterized in detail, 2) the 

75 adenovirus is not associated with severe human pathology. 3) the virus is extremely efficient in Introducing Hs DNA into 
the host cell, 4) the virus can infect a wide variety of cells and has a broad host-range, 5) tiie virus can be produced at 
high virus titers in large quantities, and 6) the virus can be rendered replication defective by deletion of the early-region 
1 (El) of the viral genome (Brody et al, 1994). However, there are still drawbacks associated with the use of adenoviral 
vectors. Typically adenoviruses, especially the well investigated serotypes usually elicit an immune response by a host 

20 into which they are introduced. Also, although the virus generally spoken has a wide infection range, there is a problem 
in targeting certain cells and tissues. Also, the replication and otiier functions of the adenovirus are not always very w^l 
suited for tiie cells which are to be provided witii the additional genetic nrtat^ial. 

[0005] The adenovirus gerK>me is a linear douWe-strarxJed DNA nrolecule of approximately 36000 base pairs. The 
adenovirus DNA contains identical Inverted Terminal Repeats (ITR) of approximately 90-140 base pairs with tiie exact 

25 length depending on the serotype. The viral origins of replication are within the ITRs exactly at the genome ends. 
Most adenoviral vectors currentiy used in gene tiierapy have a deletion in the E1 region, where novel genetic informa- 
tion can be introduced. The El deletion renders the recombinant virus replication defective (Levrero et al, 1 991 ). It has 
been demonstrated extensively that recomtjinant adenovirus, in particular serotype 5 is swtaWe for efficient transfer of 
genes in vivo to the liver, the ainway epithelium and solid tumors in animal nrxxtels and human xenografts in immunode- 

30 ficient mice (Bout. 1996; Blaese et al., 1995). Thus, preferred metiiods for in vivo gene transfer into target cells make 
use of adenoviral vectors as gene delivery vehicles. 

[0006] At present, six different subgroups of human adenoviruses have been proposed which in total encompasses 
51 distinct adenovirus serotypes (see table 1). BeskJes these human adenoviruses an extensive number of animal ade- 
noviruses have been klentified (see Ishibashi et al. 1983). 

35 [0007] A serotype is defined on the basis of its immunological distinctiveness as determined by quantitative neutrali- 
zation witii animal antisera (horse, rabbit). If neutralization shows a certain degree of cross-reaction k)elween two 
viruses, distinctiveness of serotype is assumed if A) the hemagglutinins are unrelated, as shovm by lack of cross-reac- 
tion on hemagglutination-inhtoition, or B) substantial biophysical/ biochemical differences in DNA exist (Frandd et al, 
1991). The nine serotypes identified last (42-51) were isolated for tiie first time from HIV- infected patients (Hierholzer 

40 el al 1988; Schnun* el al 1993; De Jong el al 1998). For reasons not well understood, most of such imnruino-compro- 
mised patients shed adenoviruses that were rarely or never isolated from immuno-conpetent individuals (Hierholzer el 
al 1988. 1992; Khoo et al, 1995, De Jong et al. 1998). 

[0008] Besides differences towards the sensitivity against neutralizing antibodies of different adenovirus serotypes, it 
has also been shown tiiat adenovimses in sut>group C such as Ad2, and Ad5 bind to different receptors as compared 

45 to adenoviruses from subgroup B such as Ad3 (Defer et al, 1 990). Likewise, it was demonstrated that receptor specifi- 
city could be altered by exchanging tiie Ad3 with the Ad 5 knob protein, and vice versa (Krasnykh et al. 1996; Stevenson 
et al, 1 995, 1 997). The adenovirus serotype 5 is most widely used for gene therapy purposes. Similar to serotypes 2, 4 
and 7, serotype 5 has a natural aff fliation towards lung eprtiielia and other respiratory tissues. In contrast, it is known 
tiiat. for instance, serotypes 40 and 41 have a natural affiliation towards ttie gastrointestinal tract. For a detailed over- 

50 view of tiie disease association of ttie different adenovirus serotypes see table 2. The serotypes described above, differ 
in at least capsid proteins (penton-base, hexon). proteins responsible for cell binding (fber protein), and proteins 
involved in adenovirus replication. 

One of the major prot>lems of adenovirus gene tiierapy is thus tiiat none of the above described serotypes are ideally 
suitable for delivering additional genetic material to host cells. Some have a somewhat limited host range, but have tiie 
55 benefit of being less immunogenic, some are tiie other way round. Some have a problem of being of a limited virulence, 
but have a broad host range and/or a reduced immunogenidty. To make things even more complicated this variation In 
the adenovirus serotypes is also very dependent on the host to be treated. Some hosts may already have encountered 
certain serotypes and tiius nrrount a strong immune response to said serotype or a related serotype. Persons skilled in 
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the art know that there are many other variations on this same theme. 

The present Invention now makes use of the fact that some adenoviruses have lower immunogenicity ttian others, 
which others typically excel in one of the other requirements for an efficient gene therapy regime, such as having a high 
specificity for a certain group of host cells, a good replication machinery in such host cells, a high rate of infection in 

5 certain host cells, etc. The invention thus provides chimaeric adenoviruses having the useful properties of at least two 
adenoviruses of different serotypes. Typically, more than two requirements from the above non-exhaustive list are 
required to obtain an aderxivirus capat^le of efficiently transferring additional material to a host cell arxi therefore the 
invention provides adenovirus derived vectors which can be used as cassettes to insert different adenoviral genes from 
different adenoviral serotypes at the required sites for obtaining a vector capat>le of expressing a chimaeric adenovirus, 

70 whereby of course also a gene of interest can be inserted at for instance the site of El of the original adenovirus from 
which the vector is derived. In th^ manner the chimaeric adenovirus to be produced can be adapted to the require- 
ments and needs of certain hosts in need of gene therapy for certain disorders. Of course to enattle this production a 
packaging cell will generally t>e needed in order to produce sufficient amount of safe chimaeric adenoviruses. 
[0009] Thus in one embodiment the invention provides a chimaeric adenovirus comprising at least a part of a fiber 

IS protein and/or a protein involved in replication of an adenovirus serotype providing the chimaeric virus with a desired 
host range and/or improved replication properties and at least a part of a penton or hexon protein from another less 
antigenic adenovirus serotype resulting in a less antigenic chinnaeric adenovirus. Typically such a virus will be produced 
using a vector (typically a plasmid. a cosmkJ or baculovirus system which vector is of course also part of the present 
invention. A preferred vector is a vector which can be used to make a chimaeric recombinant virus specifically adapted 

20 to tiie host to t>e treated and tiie disorder to be treated. Such a vector is another emtxxJiment of the present invention. 
Thus the invention also provides a reconi>inant vector derived from an adenovirus comprising at least one ITR and a 
packaging signal, having an insertion site for a nucleic add sequence of interest, and further having an insertion site for 
functionally inserting a gene encoding a penton and/or a hexon protein of a first serotype of adenovirus and having an 
insertion site for a gene encoding a fiber protein of a second adenovirus of a different serotype, and/or an insertion site 

25 for a gene derived from a serotype having inproved characteristics in the function carried out by that gene or its prod- 
uct. Typically tiie invention provides cassettes which allow for the production of any desired chimaeric adenovirus, be it 
only derived from two serotypes or as many as needed to obtain tiie desired characteristics, whereby it is not always 
necessary that all characteristics are the best when seen as single properties, ft may not even be necessary, for 
instance, to always alter penton arxi/or hexon together with another part of adenovirus genes. Sometimes the immuno- 

30 genicity needs not be altered together witfi other properties. However, it is prefened to use penton and/or hexon genes 
from less immunogenic adenovirus serotypes. An important feature of the present invention is the means to produce 
the chimaeric virus. Typically, one does not want an adenovirus batch to be administered to the host cell which contains 
replication conpetent adenovirus, although this is not always true. In general therefor it is desired to omit a number of 
genes (txjt at least one) from the adenoviral genome on the vector encoding the chimaeric virus and to supply these 

35 genes in the genome of the cell in which the vector is brought to produce chimaeric adenovirus. Such a cell is usually 
called a packaging cell. The invention thus also provides a packaging cell for producing a chimaeric adenovirus accord- 
ing to the invention, comprising in trans all elements necessary for adenovirus production not present on the adenoviral 
vector according to the invention. Typically vector and packaging cell have to be adapted to one anottier in that they 
have all the necessary elements, but that they do not have overlapping elements which lead to replication competent 

40 virus by recombination. 

Thus the invention also provides a kit of parts comprising a packaging cell according to the invention and a reconbinant 
vector according the invention whereby tiiere is essentially no sequence overlap leading to reconfi)ination resulting in 
the production of replication competent adenovirus between said cell and said vector. 

In order to be able to precisely adapt tiie viral vector and provide the chimaeric virus witii the desired properties at will, 
45 it is preferred that a library of adenoviral genes is provided whereby the genes are located wittiin restriction sites. Typi- 
cally it is preferred to have same kinds of genes of different serotypes within the same restriction sites and to have that 
same restriction site in tiie adenoviral vector used to produce the chimaeric virus. If all sites for different genes are 
unique then a system to pick and choose from has been made. One can cut a penton gene from the desired serotype 
from the library and insert it at the same site in the vector. One can then use a different restriction enzyme to cut a rep- 
50 lication gene from the bank of a different serotype using another restriction enzyme arxJ insert that gene at tiie corre- 
sponding restriction site in tiie chimaeric vector. Thus it is to be preferred to have a vector according to the invention 
where the insertion sites are different and preferably unique restriction sites. Preferat)ly this vector is combined witii a 
library having tiie corresponding genes within the same restriction sites. Methods to use tiiis library and the vector are 
wittiin the skill in tiie art and are part of tiie present invention. Typically such a metiiod conprises a number of restriction 
55 and ligation steps and expression of the result in a packaging cell. Also one can use a library from which the different 
desired adenoviral genes are obtained through homologous recombination or a combination of restriction and recom- 
bination. Thus the invention provides a method for producing a chimaeric adenovirus having a desired host range and 
diminished antigenicity, comprising providing a vector according to the invention having tiie desired insertion sites. 
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inserting into said vector at least a functional part of a penton or hexon protein derived from an adenovirus serotype 
having relatively low antigenicity, inserting at least a functional part of a fiber protein derived from an adenovirus sero- 
type having the desired host range and transfecting said vector in a packaging celt according to the invention and allow- 
ing for production of chimaeric viral particles. Of course other combinations of other viral genes originating from 
5 different serotypes can also be inserted as disclosed herein before. An immunogenic response to adenovirus that typ- 
ically occurs is the production of neutralizing antibodies by the host. This is typically a reason for selecting a penton, 
hexon and/or fiber of a less immunog^ic serotype. 

Of course it may not be necessary to make chimaeric adenoviruses which have complete proteins from different sero- 
types. It is well within the skill of the art to produce chimaeric proteins, for instance in the case of f ber proteins it is very 

10 well possible to have the base of one serotype and the shaft and the knob from another serotype. In this manner It 
becomes possible to have the parts of the protein responsible for assembly of viral particles originate from one sero- 
type, thereby enhancing the production of Intact viral particles. Thus the invention also provides a chimaeric adenovirus 
according to the invention, wherein the hexon, penton and/or fiber proteins are chimaeric proteins originating from dif- 
ferent ^enovirus serotypes. Besides generating chimaeric adenoviruses by swapping entire wild type hexon, penton, 

15 fiber (protein) genes etc. or parts thereof. It is also within the scope of the present invention to insert hexon, penton, 
fiber (protein) genes etc. carrying mutations such as point mutations, deletions, insertions etc. which can be easily 
screened for prefen-ed characteristics such as temperature stability, assembly, anchoring, redirected infection, altered 
immune response etc. Again other chimaeric combinations can also t>e produced and are within the scope of the 
present invention. 

20 The availability of a library of nucleic acids derived from different serotypes allows, anK3ng others, the generation of a 
library of chimaeric adenoviruses. The invention therefore further provides a library of chimaeric adenoviruses. In one 
embodiment the invention provides a library of chimaeric adenoviruses wherein said adenoviruses comprise chimaeric 
capsids, i.e. comprising capsid proteins derived at least in part from at least two different adenovirus serotypes. Prefer- 
My, nucleic acid and/or protein or parts thereof, from at least one representative adenovirus of each adenovirus sub- 

25 group is represented in said (chimaeric) adenovirus library. Preferably, nucleic acid and/or protein or parts thereof is 
derived from more than one representative of each adenovirus sut)group. Most preferably, said library comprises 
nucleic acid and/or protein or a part thereof, from essentially every known representative of each adervTviri^ sufctgroup. 
Nudeic acid and/or protein or parts thereof derived from more tiian one representative adenovirus from each adenovi- 
rus sii>group In said (chimaeric) library is desired because a desirat)le property may not be a general property of a sub- 

30 group. Also, a desirable property of a subgroup of adenovirus may t^ expressed in different amounts on tine various 
memt)ers of the sut)group. Ensuring that wore than one representative of a subgroup is represented In the library thus 
warrants the selection of the best expressor of tie desired property. 

Typically, a library of chimaeric adenoviruses or a part tiiereof is used in screening assays to determine properties of 
said chimaeric adenoviruses. Any particular chimaeric adenovirus comprising particularly desirat)le properties can 

35 thereby be identified and sut>sequentiy be used in, for instance, the development of an Improved nucleic acid delivery 
vehicle. Desirat>le properties said chimaeric adenovirus library may t^e screened for include, but are not limited to, target 
cell specificity, reduced immunogenicity, increased immunogenicity, r&<lirected neutralization, re-directed hemaggluti- 
nation, improved infection efficiency, reduced toxicity, improved replication and/or improved pharmacokinetics such as 
altered tissue distribution upon in vivo administration. Comparison of properties of different chimaeric adaioviruses can 

40 lead to the delineation of adenovirus elements involved in providing an adenovirus witii said property. Such knowledge 
can tiien be used to further optimize nucleic acid delivery vehicles. In one aspect tiie invention provides a selection of 
(chimaeric) adenoviruses with an improved capacity to transduce macrophage- or f ibrofc)last-like cells conpared to ade- 
novirus 5, preferal)ly said (chimaeric) adenoviruses conprise at least part of a tissue tropism determining part of a fiber 
protein of an adenovirus of subgroup B. or a derivative and/or analogue of said fiber protein. The invention further pro- 

45 vkJes a selection of (chimaeric) adenoviruses with an improved capacity to fransduce smooth muscle cells compared 
to adenovirus 5. preferably said (chimaeric) adenoviruses comprise at least part of a tissue tropism determining part of 
a fiber protein of an adenovirus of subgroup B, or a derivative and/or anabgue of said f ber protein. A chimaeric aden- 
ovirus library of the invention may further be used to study adenovirus biology. Such a library Is for instance very well 
suited to study differences in tiie biology of the various adenovirus serotypes. In one aspect the invention provides a 

50 selection of (chimaeric) adenoviruses, capable of transducing a CAR negative cell. Pref^ably said CAR negative cell 
Is a amnion fluid cell or a derivative thereof. Preferably said amnion f luki cell is a chorion villi cell or a derivative thereof. 
Preferatdy said CAR negative cell is a CAR negative hemopoietic cell, such as but not limited to an erythroid precursor 
celt and/or a monocyte precursor cell and/or derivatives tiiereof. Preferably said (chimaeric) aderK>viruses capable of 
transducing a CAR negative cell conprise at least an adenovirus receptor binding part of a fiber protein from an aden- 

55 ovirus of sutjgroup D or F. 

In one aspect the invention provides a chimaeric adenovirus corrprising a re-directed neutralization pattern compared 
to adenovirus 5. Re-directed neuta^alization is useful in a numt}er of circumstances. For Instance, but not limited to, get- 
ting round pre-existing neutralizing antitxxfies in a patient administered with said chimaeric adenovirus. Pre-existing 
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neutralizing antibodies would neutralize the adenovirus and thereby diminish the effective amount of virus adminis- 
tered. This effect is usually not desired in for instance gene therapy settings wherein a nucleic acid is to be delivered to 
target cells. However, pre-existing neutralizing antibodies can for instance in other gene therapy applications be an 
advantage when the nucleic acid of interest delivered through said chimaeric adenovirus should not be delivered to 
5 cells throughout the body. Local delivery for instance by using a needle in a solid tissue combined with the presence of 
neutralizing antibodies in the blood that can neutralize leaking chimaeric adenovirus can in that case help to contain the 
transduction to a certain area. 

In another aspect the invention provides a chimaeric adenovirus comprising a re-directed henriagglutination pattern 
compared to adenovirus 5. Re<lirected hemagglutination is useful in a number of drcumstances. Hemagglutinated 
10 material is preferentially taken up by macrophages and derivatives and/or precursors. Thus enhanced hemagglutina- 
tion of a chimaeric adenovirus is preferred in case where enhanced delivery of nucleic acid to said macrophages is 
desired. However, in general the target cell will not be said macrophages thus in those cases a reduced hemagglutina- 
tion is desired. A chinrBeric adenovirus re-directed in its hemagglutination is useful tor many applications which the per- 
son skilled art can now think of and thus form an integral part of the present invention. 

75 

Detailed description. 

[0010] It has been demonstrated in mice that ipon tn vivo systemic delivery of recombinant adenovirus serotype 5 
for gene therapy purposes approximately 99% of the virus is trapped in the liver (Herz el al. 1993). Therefore, alteration 
20 of the adenovirus serotype 5 host cell range to be able to target other organs in vivo is a major interest of the invention, 
particularly in combination with other alterations, in particular the immunogenicrty. 

[0011] The initial step for successful infection is binding of adenoviri^ to its target cell, a process mediated through 
fiber protein. The fiber protein has a trimeric structure (Stouten et al, 1992) with different lengths depending on the virus 
serotype (Signas et al 1985; Kidd et all 1993). Differerrt serotypes have polypeptides with structurally similar N and C 

25 termini, but different middle stem regions. N-terminally, the first 30 amino acids are involved in anchoring of the fiber to 
the penton base (Chrot»czek et al, 1995), especially the conserved FNPVYP region in the tail (Amberg el al 1997). 
The C-terminus, or knob, is responsit)le lor initial interaction with the cellular adenovirus receptor. After this initial bind- 
ing secondary binding between the capsid penton base and cell-surface integrins leads to internalization of viral parti- 
cles in coated pHs and endocytosis (Morgan et al. 1969; Svensson el al. 1984; Varga et al. 1992; Greber et al, 1993; 

30 Wickham el al, 1994). Integrins are ap-heterodimers of which at least 14 a-subunits and 8 p-subunits have been iden- 
tified (Hynes et al. 1992). The array of integrins expressed in cells is conplex and will vary between cell types arxJ cel- 
lular environm^t. Although the knob contains some conserved regions, between serotypes, knob proteins show a high 
degree of variability, indicating that different adenovirus receptors exist. For instance, it has been denfX)nstrated that 
adenoviruses of subgroup C (Ad2. MS) and adenoviruses of subgroup B (Ad3) trind to different receptors (Defner et al. 

35 1 990). The fiber protein also contains the type specific y-antigen. wfhich together with the e-antigen of the hexon deter- 
mines the serotype specificity. The Y^antigen is localized on the fiber and it is known that it consists of 17 amino adds 
(Eiz et al, 1997). The anti-fiber antibodies of the host are therefore directed to the trimeric structure of the knob. The 
anti-fiber antibodies together with antitxxlies directed against the penton base and hexon proteins are responsible for 
the neutralization of adenovirus particles. Rrst the anti-f ber antibodies uncoat the adenovirus partides after which the 

40 penton base is accessible to the anti-penton base antilxxlies (Gahery-Segard el al, 1998). Although this seems to be 
a very effective way to neutralize adenovirus partides others have described that the anti-h©(on antibodies are the rTx>sl 
effective ones in neutralization of the particles (Gall et al, 1996). 

[001 2] To obtain re-direcled infection of recombinant adenovirus serotype 5, several approaches have been or still are 
under investigation. Wickham et al has altered the RGD (Arg. Gly, Asp) motif in the penton base which is believed to be 

45 responsil)le for the and OyPs integrin binding to the penton base. They have replaced this RGD nrxrtif by another 
peptide motif which is specific for the a^fi^ receptor. In this way targeting the adenovirus to a specific target cell could 
be acconptished (Wickham et al, 1995, 1996). Krasnykh et al has m^e use of the HI loop available in the knob. This 
loop is, based on X-ray crystallographies, located on the outside of the knob trimeric structure and therefore is thought 
not to contrilxjte to the intramolecular interactions in the knob (Krasnykh et al, 1998). However, conplete CAR inde- 

50 pendent infection was not observed. 

[0013] It is an object of the present invention to provide a method and means by which adenoviruses can be con- 
structed vkrith an altered immune response, or with the atssence or decreased infection in antigen presenting cells such 
as dendritic cells or macrophages. It Is a further db\ecX of the present invention to provide methods for the generation 
of chimaeric adenoviruses as described above which can t»e targeted to specific cell types in vitro as well as in vivo 

55 have an altered tropism for certain cell types. It is a further object of the present invention to provide a method and 
means by which such an adenovirus can be used as a protein or nucleic add delivery vehicle to a specific cell type or 
tissue. 

The generation of chimaeric adenoviruses based on adenovirus serotype 5 with modified late genes is described. For 
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this purpose, three plasmids. which together contain the complete adenovirus serotype 5 genome, were constructed. 
From these plasmids the DNA encoding the adenovirus serotype 5 penton-base protein, hexon protein, arid fiber pren 
tein were removed and replaced by linker DNA sequences which facilitate easy cloning. These plasmids subsequenMy 
served as tertplate for the insertion of DNA encoding for penlonH>ase protein, hexon protein, and fiber protein derived 
from different adenovirus, serotypes (human or animal). TTie DNAs derived from the different serotyp^ Z^^jf" 
usinq the polymerase chain reaction technique in combination wHh (degenerate) oligonucleotides. At the former El 
locafion in the genome of adenovirus serotype 5, any gene of interest can be cloned. A single translection procedure 
of the three plasmids together resulted in the formation of a recombinant chimaeric adenovirus. This nw» technology o 
libraries consisting of chimaeric adenovimses thus allows for a rapid screening for improved recombinant adenoviral 

vectors for ;nv#ro and ;nvwo gene therapy purposes. u k i«h 

Although successful introduction of changes in the adenovirus serotype 5 fiber and penton^ '^^J!!'^®"^ ^ 
the complex structure of knob and the limited knowledge of the precise amino adds interacting with CAR render such 
targeting approaches laborious and difficult To overcome the limitations described above we used pre-existing adeno- 
virus fibers penton base proteins, and hexon proteins derived from other adenovirus serotypes. By generating chimae- 
ric adenovinis serotype 5 libraries containing structural proteins of alternative adenovirus serotypes, we have 
developed a technology which enables rapid screening for a recombinant adenoviral vector with preferred characteris- 
tics. , ... 
[00141 In one aspect this invention describes the use of chimaeric adenoviruses to overcome, natural existing or 
induced neutralizing hostactivitytowartis recombinant adenoviruses administered /n v/w) for therapeutic applicatons. 
The hosi immune response is predominantly directed against penton base - and hexon proteins present in the adeno- 
viral capskJ and to a lesser extend directed to ftoer. ^ ^ . . , Tl,„,„ 
The adenovims serotypes are defined by the Inability to cross-react with neutralizing anttoodies in animal sera. There- 
fore chimaeric vimses based on for example adenovirus serotype 5 but chimaeric for penton base P'ot«"'J2^ 
hexon protein provoke an altered, less severe immune response. Tfie need for such chimaenc adenovirus^ 
by dbsenations that 1) repeated systemic delivery of recombinant adenovims serotype 5 is "ns"cc^' '^^^^'^ 
tion of high liteis of neutralizing antibodies against the recombinant adenovims serotype 5 (Schulick et al. 1997), and 

2) pre-existing or natural immunity. . , j • < „^ 

This aspect of the invenlton therefore circumvents the inability to repeat the adminislration of an adenovirus for gene 
therapypurposes. Preferably, the penton base-, hexon-. and fber proteins are derived from adenwiruses in subgroup 
B a^D and^more spedfically of the adenovims serotype 16. 24, 33. 36. 38. 39. 42, and 50. THk latter |sbecause 
these serotypes are rarely isolated from humans indicating that low liters of circulating neutralizing antibodies are 

present against these serotypes. . ^th^t 

[001 5] In another aspect this invention describes chimaeric adenovimses and methods to generate these viruses that 
have an altered tropism different from that of adenovims serotype 5. For example, viruses based on arienovir^sero- 
type 5 but displaying any adenovirus fber existing in nature. This chimaeric adenovims serotype 5 is able to |"fect cer- 
tain cell types more efficiently, or less efficiently in vitro and in vivo than the adenovims serotype 5. Such cells indude 
but are notHmited to endothelial cells, smooth muscle cells, dendritic cells, neuronal cells, glial cells, synovical cells, 
lung epithelial cells, hemopoietic stem cells. monocyticAnacrophage cells eta ^ . 

[Omei In another aspect this Invention describes methods which identify chimaeric adenovimses that dispfay 
improved in vitro amplif icatfon in static or suspension cell cultures. Adenovimses derived from different subgroups, but 
also within one subgroup, display a high variability in productive infection in cell types 11^ are used for Pfo*«^«» 
recontonant adenovims. Table 2 lists an ove^iew of different adenovims serotypes and their asscxaaton with human 
disease, demonstrating that replication of a given adenovims serotype is enhanced in certain cdl types. ttie pro- 
duclfon of recombinant adenovimses for gene therapy purposes, several cell lines are available, ^^ese inclixJe but do 
not limit PER C6 911. 293. and El A549. These adenovirus producer cells may not be the most suited cell types to 
amplify adenovims serotype 5 based viruses. Therefore, in this aspect of the invention we select a^enomses fro^^^^ 
ferent serotypes based on their aWIHy to propagate for exampte on PER.C6 and use their early genes (wrthout El) and 
ITRs to construct chimaeric viruses which are superior in terms of propagation and thus yield higher titers as compared 
to commonly used adenovirus serotype 2 or 5. ^^-^-^^^h,,^ 
[00171 In another aspect the invention describes the constmction and use of libranes consistng of disbnct parts of 
adenovirus serotype 5 in which one or more genes or sequences have been replaced with DNAderived from alternatwe 
human or animal serotypes. This set of constmcts. in total encompassing the complete adenovirus genome. aHow for 
the construction of unique chimaeric adenoviruses customized for a certain group of patients or even a single individual. 
[00181 In all aspects of the invention the chimaeric adenovimses m^. or may not. contain deletions in the El region 
and insertions of heterotogous genes linked either or not to a promoter. Furthemiore. chimaeric adeirovimses may or 
may not contain deletfons in the E3 region and insertfons of heterologous genes linked to a promoter. Furthermore, chi- 
maeric adenoviruses may, or may not. contain deletions in the E2 and/ or E4 region and insertions of heterologous 
genes linked to a promoter. In the latter case E2 and/ or E4 complementing cell lines are required to generated recom- 
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binant adenoviruses. 

Example 1 : Generation of adenovirus serotype 5 genomic plasmid clones 

5 [0019] The complete genome of adenovirus serotype 5 has been cloned into various plasmids or cosmids to allow 
easy modification of parts of the adenovirus serotype 5 genome, while still retaining the capability to produce recom- 
binarrt virus. For this purpose the following pl^mids were generated: 

1. pBr/Ad,Bam-rlTR (ECACC deposit P97082122) 

10 

[0020] In order to facilitate blunt end cloning of the ITR sequences, wild-type human adenovirus type 5 (Ad5) DNA 
was treated with Klenow enzyme in the presence of excess dNTPs. After inactivation of the Klenow enzyme and purifi- 
cation by phenol/chloroform extraction followed by ethanol precipitation, the DNA was digested with BamHL This DNA 
preparation was used without further purification in a ligation reaction writh pBr322 derived vector DNA prepared as fol- 
75 lows: pBr322 DNA was digested with EcoRV and BamHI, dephosphorylated by treatment with TSAP enzyme (Life 
Technologies) and purified on LMP agarose gel (SeaPlaque GTG). After transformation into competent Eco// DH5a 
(Ufe Techn.) and analyst of ampiciline resistant colonies, one clone was selected that showed a digestion pattern as 
expected for an insert extending from the BamHI site in Ad5 to the right ITR. 

Sequence analysis of the cloning border at the right ITR revealed that the nfx)st 3' G residue of the ITR was missing, the 
20 remainder of the ITR was found to be correct Said missing G residue is complemented by the other ITR during repli- 
cation. 

2. pBr/Ad.Sal-rlTR (ECACC deposit P970821 19) 

25 [0021 ] pBr/Ad.Bam-rlTR was digested with BamHI and Sail. The vector fragment including the adenovirus insert was 
isolated in LMP agarose (SeaPlaque GTG) and ligated to a 4.8 kb Sall-BamHI fragment obtained from wt Ad5 DNA arid 
purified with the Geneclean II kit (Bio 101. Inc.). One done was chosen and the integrity of the Ad5 sequences was 
determined by restriction enzyme analysis. Clone pBr/Ad.Sal-rlTR contains adeno type 5 sequences from the Sail site 
at bp 1 6746 up to and including the rITR (missing the most 3' G residue). 

30 

3. DBr/Ad.Cla-Bam (ECACC d^aosit P970821 17) 

[0022] wt Adeno type 5 DNA was digested with Clal and BamHI. and the 20.6 kb fragment was isolated from gel by 
electro-elution. pBr322 was digested with the same enzymes and purified from agarose gel by Geneclean. Both frag- 
35 ments were ligated and transformed into competent DH5a. The resulting clone pBr/Ad.Cla-Bam was analyzed by 
restriction enzyme digestion and shown to contain an insert with adenovirus sequences from bp 919 to 21566. 

4. pBr/Ad.Af Ill-Bam (ECACC deposH P97082114) 

40 [0023] Qone pBr/Ad.Cla-Bam was linearized with EcoRI (in pBr322) and partially digested with Aflll. After heat inac- 
tivation of Aflll for 20' at 65°C the fragment ends were filled in with Klenow enzyme. The DNA was then ligated to a Wunt 
double stranded oligo linker containing a Pad site (5'-AATTGTC TTAATTAAC CGCTTAA-31. This linker was made by 
annealing the following two oligonucleotides: 5'-AATTGTCTTAATTAACCGC-3* and 5'-AATTGCGGTTAATTAAGAC-3\ 
followed by blunting with Klenow enzyme. After precipitation of the ligated DNA to change txjffer, the ligations were 

45 digested with an excess Pad enzyme to renwe concatamers of the oligo. The 22016 bp partial fragment containing 
Ad5 sequences from bp 3534 up to 21566 and the vector sequences, was isolated in LMP agarose (SeaPlaque GTG). 
religated and transformed into competent DH5a. One ctone that was found to contain the Pad site and that had retained 
the large adeno fragment was selected and sequenced at the 5' end to verify con-ect insertion of the Pad linker in the 
(lost) Aflll s'rte. 

50 

5. pBr/Ad.Bam-rlTRDac#2 (ECACC deposit P97082120) and pBr/Ad.Bam-rlTR#8 (ECACC deposit P97082121) 

[0024] To allow insertion of a Pad site near the ITR of Ad5 in clone pBr/Ad.Bam-rlTR about 190 nucleotkJes were 
removed between the Clal site in the pBr322 backbone and the start of the ITR sequences. This was done as follows: 
55 pBr/Ad-Bam-rlTR was digested with Clal and treated with nuclease Bal31 for varying lengths of time (2', 5', 1 0' and 15*). 
The extent of nucleotide renrxjval was followed by separate reactions on pBr322 DNA (also digested at the Clal srte). 
using identical buffers and conditions. Bal31 enzyme was inactivated by incubation at 75'*C for 10 minutes, the DNA 
was precipitated and resuspended in a smaller vdume of TE buffer. To ensure blunt ends. DNAs were further treated 
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with T4 DNA polymerase in the presence of excess dNTPs. After digestion of the (control) pBr322 DNA with Sail, sat- 
isfactory degradation ("150 1^) was ot>served in the samples treated for 10' or 15\ The 10' or 15' treated pBr/Ad.Bam- 
rlTR samples were then ligated to the atxwe described l)lunted Pad linkers (See pBr/Ad.Af Ill-Bam). Ugations were puri- 
fied by precipitation, digested with excess Pad and separated from the linkers on an LMP agarose gel. After religation. 
DNAs were transformed into competent DH5a and colonies analyzed. Ten clones were selected that showed a deletion 
of approximately the desired length and these were further analyzed by T-track sequencing (T7 sequencing kit, Phar- 
macia Biotech). Two clones were found with the Pad linker inserted just downstream of the rITR. After digestion with 
Pad, done #2 has 28 bp and clone #8 has 27 bp attached to the fTR. 

pWE/Ad.Aflll-rlTR fECACC deposit P970821 16) 

[0025] Cosmid vector pWE15 (Clontech) was used to done larger Ad5 inserts. First, a linker containing a unique Pad 
site was inserted in the EcoRI sites of pWEIS creating pWE.pac. To this end. the 6oMe stranded Pad oligo as 
desCTibed for pBr/Ad.Af lll-BamHI was used but now with its EcoRI protruding ends. Ttie following fragments were then 
isolated by eleclro-elution from agarose gel: pWE.pac digested with Pad, pBr/Aflll-Bam cfigested with Pad and BamHI 
and pBr/Ad.Bam-rlTR#2 digested with BamHI and Pad. These fragments were ligated together and packaged using 1 
phage packaging extracts (Stratagene) according to the manufacturer's protocol. After Infection into host bacteria, col- 
onies were grown on plates and analyzed for presence o(f the complete insert. pWE/Ad.Aflll-rlTR contains all adenovi- 
rus type 5 sequences from bp 3534 (Aflll site) up to and Including the right ITR (missing the most 3' G residue). 

pBr/Ad.nTR-Sa1(9.4) (ECACC deposit P97082115) 

[0026] Adeno 5 wt DNA was treated with Klenow enzyme in the presence of excess dNTPs and subsequently 
digested with Sail. Two of the resulting fragments, designated left 1TR-Sal{9.4) and Sal(16.7)-right ITR. respectively, 
were Isolated in U^P agarose (Seaplaque GTG). pBr322 DNA was digested with EcoRV and Sail and treated with 
phosphatase (Life Technologies). TTie vector fragment was isolated using the Genedean method (BIO 101 . Inc.) and 
ligated to the Ad5 Sail fragments. Only the ligation with the 9.4 kb fragment gave colonies with an Insert. After analysis 
and sequencing of the cloning border a clone was chosen that contained the full ITR sequence and extended to the Sal I 
site at bp 9462. 

pBr/Ad.llTR-Sain6.7) (ECACC deposit P970821 18) 

[0027] pBr/Ad.llTR-Sal(9.4) is digested with Sail and dephosphorylated (TSAP. Life Techndogies). To extend this 
ctone upto the third Sail site in Ad5. pBr/Ad.Cla-Bam was linearized with BamHI and partially digested with Sail. A 7.3 
kb Sail fragment containing adenovirus sequences from 9462-16746 was isdated In LMP agarose gel and ligated to 
the Sall-digested pBr/Ad.l!TR-Sal(9.4) vector fragment. 

pWE/Ad.Aflll-EcoRI 

[0028] pWE.pac was digested with Clal and 5' protruding ends were filled using Klenow enzyme. The DNA was then 
digested with Pad and isolated from agarose gel. pWE/Aflll-rlTR was digested with EcoRI and after treatment with Kle- 
now enzyme digested with Pad. The large 24 kb fragment containing the adenoviral sequences was Isolated from aga- 
rose gel and ligated to the ClaWigested and blunted pWE.pac vedor using the Ugation Express*^ kit from Qontech. 
After transformation of Ultracon^etent XL10-Gold cells from Stratagene, clones were Identified that contained the 
expeded insert. pWE/Aflll-EcoRI contains Ad5 sequences from bp 3534-27336. 

Construction of new adap ter plasmlds 

[0029] The absence d sequence overlap between the recombinant adenovirus and E1 sequences in the packaging 
cell line is essential for safe, RCA-free generation and propagation of new recombinant viruses. The adapter plasmid 
pMLPl.TK (figure. 1) is an exanple of an adapter plasmid designed for use according to the invention in combination 
with the improved packaging cell lines of the invention. This plasmid was used as the starting material to make a new 
v^r in which nudeic acid molecules comprising specific promoter and gene sequences can be easily exchanged. 
[0030] First, a PCR fragment was generated from pZipAMo+PyFIOKIsT) template DNA (desaibed in 
PCT/NL96/00195) with the following primers: LTR-1 : 5'-CTG TAG GTA CCA GTG CAC TGG CCT AGG CAT GGA AAA 
ATA CAT AAC TG-3' and LTR-2: 5'-GCG GAT CCT TCG AAC CAT GGT AAG CTT GGT ACC GCT AGC GTT AAC CGG 
GCG ACT CAG TCA ATC G-3'. Pwo DNA polymerase (Boehringer Mannheim) was used according to manufadurers 
protocd with the following tenperature cycles: once 5* at 95°C; 3' at 55<'C: and V at 72*^0. and 30 cydes of V at 95°C. 
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r at 60°C, V at 72"C. followed by once 10' at 72^C. The PGR product was then digested with BamHI and ligated into 
pMLPIO (Levrero et a/.. 1991) vector digested with Pvull and BamHI. thereby generating vector pLTRIO. This vector 
contains adenoviral sequences from bp 1 up to bp 454 followed by a promoter consisting of a part of the Mo-MuLV LTR 
having its wild-type enhancer sequences replaced by the enhancer from a mutant polyoma virus (PyFIOI). The pro- 
moter fragment was designated L420. Next, the coding region of the murine HSA gene was inserted. pLTRIO was 
digested with BstBI followed by Klenow treatnrrent and digestion with Ncol. The HSA gene was obtained by PGR ampli- 
fication on pUG18-HSA (Kay et al.. 1990) using the following primers: HSA1, S'-GCG CCA CCA TGG OCA GAG CGA 
TGG TGG C-3' and HSA2, 5'-GTT AGA TCT AAG CTT GTG GAG ATC GAT CTA CTA ACA GTA GAG ATG TAG AA-3'. 
The 269 bp amplified fragment was subcloned in a shuttle vector using the Ncol and Bglll sites. Sequencing confirmed 
incorporation of the correct coding sequence of the HSA gene, but with an extra TAG insertion directly following the TAG 
stop codon. The coding region of the HSA gene, including the TAG duplication was then excised as a Ncol {slicky)-Sall 
(Wunt) fragment and cloned into the 3.5 kb Ncol(slicky)/BstBI(blunt) fragment from pLTRIO. resulting in pLTR-HSAIO. 
finally, pLTR-HSA10 was digested with EcoRI and BamHI after which the fragment containing the left ITR. packaging 
signal. L420 promoter and HSA gene was inserted into vector pf\/ILPI.TK digested with the same enzymes and thereby 
replacing the promoter and gene sequences. This resulted in the new adapter pl^mid pAd/L420-HSA (figure. 2) that 
contains convenient recognition sites for various restriction enzymes around the promoter and gene sequences. SnaBI 
and Avrll can be combined with Hpal. Nhel. KpnI. Hindlll to exchange promoter sequences, while the latter sites can 
be combined with the Clal or BamHI sites 3' from HSA coding region to replace genes in this construct. 
Another adapter plasmid that was designed to allow easy exchange of nucleic acid molecules was made by replacing 
the promoter, gene and poly A sequences in pAd/L420-HSA with the CMV promoter, a multiple cloning site, an intron 
and a poly-A signal. For this purpose. pAd/L420THSA was digested witfi Avrll and Bglll followed by treatment with Kle- 
now to obtain Wunt ends. The 5.1 kb fragment with pBr322 vector and adenoviral sequences was isolated and ligated 
to a blunt 1570 bp fragment from pcDNAI/amp (Invitrogen) obtained by digestion with Hhal and Avrll followed by treat- 
ment with T4 DNA polymerase. This adapter plasmid was named pCLIP.I_uc (figure. 3). 

Generation of recombinant adenoviruses 

[0031] To generate El deleted recombinant adenoviruses with the new plasmid-based system, the following con- 
structs are prepared: 

a) An adapter construct containing the expression cassette with the gene of interest linearized with a restriction 
enzyme that cuts at the 3' side of the overlapping adenoviral genome fragment, preferably not containing any 
pBr322 vector sequences, and 

b) A complementing adenoviral genome construct pWE/Ad.Aflll-rlTR digested with Pad. 

These two DNA molecules are furtiier purified by phenol/chloroform extraction and EtOH precipitation. Co-transfection 
of these plasmids into an adenovirus packaging cell line, preferably a cell line according to the invention, generates 
recombinant replication def ident adenoviruses by a one-step homologous recombination between the adapter and the 
complementing construct (figure. 4). 

Alternatively, in stead of pWE/Ad. Aflll-rlTR other fragments can be used. ag.. pBr/Ad.aa-Bam digested with EcoRI and 
BamHI or pBr/Ad.Aflll-BamHI digested with Pad and BamHI can be corrt>ined with pBr/Ad.Sal-rlTR digested with Sail. 
In this case, three plasmids are combined and two homologous recombinations are needed to obtain a recombinant 
adenovirus (figure. 5). It is to be understood that those skilled in the art may use other combinations of adapter and 
complementing plasmkis without departing from tiie present invention. 

A general protocol as outiined below and meant as a non-limiting exanple of the present invention has been performed 
to produce several recombinant adenoviruses using various adapter plasmids and tiie Ad.Aflll-rlTR fragment. Adenovi- 
rus packaging cells (PER.C6) were seeded in ~25 err? flasks and the next day when they were at 80% confluency. 
transfected with a mixture of DNA and lipofeclamine agent (Life Techn.) as described by the manufacturer. Routinely. 
40 \i\ lipofeclamine. 4 jig adapter plasmid and 4 ^g of the conplementing adenovirus genome fragment Aflll- rITR (or 
2 ^ig of all three plasmids for the doiMe homologous recombination) are used. Under these conditions transient trans- 
fection efficiendes of ~50% (48 hrs post transfection) are obtained as determined with control transfections using a 
pAd/CMV-UcZ aJapter. Two days later, cells are passaged to ~80 cm? flasks and further cultured. Approximately five 
(for the single homologous recombination) to eleven days (for the double homdogous recombination) later a cylopath- 
ogenic effect (CPE) is seen, indicating that fundional adenovirus has formed. Cells and medium are harvested upon 
full CPE and recombinant virus is released by freeze-thawing. An extra amplification step in an 80 cm^ flask is routinely 
performed to increase the yield since at the initial stage tiie titers are found to be variable despite the occurrence of full 
CPE. After amplification, viruses are harvested and plaque purified on PER.C6 cells. Individual plaques are tested for 
viruses with active transgenes. 
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[0032] Besides replacements in the El region it is possible to delete or replace (part of) the E3 region in the adeno- 
virus t)ecause E3 functions are not necessary for the replication, packaging and infection of the (recombinant) virus. 
This creates the opportunity to use a larger insert or to insert more than one gene without exceeding the maximum 
package size (approximately 105% of wt genome length). TOs can be done, ag.. by deleting part of the E3 region in 
the pBr/Ad.Bam-rlTR clone by digestion with Xbal and religation. This removes Ad5 wt sequences 28592-30470 includ- 
ing all known E3 coding regions. Another exanrple is the precise replacement of the coding region of gp19K in the E3 
region with a polylinker allowing insertion of new sequences. This, 1) leaves all other coding regions intact and 2) obvi- 
ates the need for a heterologous promoter since the transgene is driven by the E3 promoter and pA sequences, leaving 
more space for coding sequences. 

To this end, the 2.7 kb EcoRI fragment from wt Ad5 containing the 5* part of the E3 region was cloned into the EcoRI 
site of pBluescript (KS^) (Slratagene). Next, the Hindlll site in the polylinker was removed by digestion with EcoRV and 
Hincll and subsequent religation. The resulting clone pBS.Eco-Eco/ad5DHIII was used to delete the gp19K coding 
region. Primers 1 (5'-GQG TAT TAG GCC AA AGG CGC A^") and 2 (5'-GAT CCC ATG GAA GCT TGG GTG GCG ACC 
CCA GCG-Sl were used to anplify a sequence from pBS.Eco-Eco/Ad5DHIII corresponding to sequences 28511 to 
28734 in wt Ad5 DNA. Primers 3 (5'-GAT CCC ATG GOG ATC CTT TAG TAA GTT ACA AAG CTA-3') and 4 (5'-GTC 
GCT GTA GTT GG A CTG G-S") were used on the same DNA to amplify Ad5 sequences from 2921 7 to 29476. The two 
resulting PCR fragments were ligated together by virtue of the new introduced Ncol site and subsequently digested with 
Xbal and MunL This fragment was then ligated into the pBS.Eco-Eco/ad5 AHIII vector that was digested with Xbal (par- 
tially) and Muni generating pBaEco-Eco/ad5AHIII.Agp19K. To allow insertion of foreign genes into the Hindlll and 
BamHI site, an Xbal deletion was made in pBS.Eco-Eco/ad5AHIII.Agp19K to remove the BamHI site in the Bluescript 
polylinker. The resulting plasmid pBS.Eco-Eco/ad5AHI!IAgp19KAXbal. contains unique Hindlll and BamHI sites corre- 
sponding to sequences 28733 (Hindlll) and 29218 (BamHI) in Ad5. After introduction of a foreign gene into these sites, 
either the deleted Xbal fragment is re-introduced, or the insert is recloned into pBS.Eco-Eco/ad5AHIII.Agp19K using 
Hindlll and for example Muni. Using this procedure, we have generated plasmids expressing HSV-TK. hlL-la, rat IL-3. 
luciferase or LacZ The unique Srfl and Notl sites in the pBS.Eco-Eco/ad5AHIll.Agp19K plasmid (with or without 
inserted gene of interest) are used to transfer the region conrprising the gene of interest into the corresponding region 
of pBr/Ad.Bam-rlTR. yielding construct pBr/Ad.Bam-rlTRAgp19K (with or without inserted gene of interest). This con- 
struct is used as desaibed supra to produce recombinant adenoviruses. In the viral context, expression of inserted 
genes is driven by the adenovirus E3 promoter. 

Recombinant viruses that are both El and E3 deleted are generated by a double homologous reconrtoination procedure 
as desaibed above lor El -replacement vectors using a plasmid-l>ased system consisting of: 

a) an adapter plasmid for El replacement according to the invention, with or without insertion of a first gene of inter- 
est, 

b) the pWE/Ad.Aflil-EcoRI fragment, and 

c) the pBr/Ad.Bam-rlTRAgp19K plasmid with or without insertion of a second gene of interest. 

[0033] In addition to manipulations in the E3 region, changes of (parts of) the E4 region can be accomplished easily 
in pBr/Ad.Bam-rlTR. Generation and propagation of such a virus, however, in some cases demands conplementation 

in trans. 

Example 2: Generation off adenovirus serotype 5 based viruses with chimaeric fiber proteins 

[0034] The method descriljed infra to generate recombinant adenoviruses by co-transfection of two, or more separate 
cloned adenoviral sequences. These cloned adenoviral sequences were subsequently used to remove specific adeno- 
virus serotype 5 sequences in order to generate template clones which allow for the easy introduction of DNA 
sequences derived from other adenovirus serotypes. As an example of these template clones, the construction of plas- 
mids enabling swapping of DNA encoding for fiber protein is given below. 

Generation of adenovirus tenmlate dones lacking DNA encoding fiber 

[0035] The fiber coding sequence of adenovirus serotype 5 is located between nucleotides 31042 and 32787. To 
remove the adenovirus serotype 5 DNA encoding fiber we started with construct pBr/Ad. Bam-rlTR. First a Ndel site was 
rerrxjved from this construct. For this purpose, pBr322 plasmid DNA was digested with Ndel after which protruding ends 
were filled using Klenow enzyme. This pBr322 plasmid was then re-ligated, digested with Ndel and transformed into 
Ecoli DHSa. The obtained pBr/ANdel plasmid was digested with Seal and Sail and the resulting 3198 bp vector frag- 
ment was ligated to the 15349 bp Scal-Sall fragment derived from pBr/Ad.BamrlTR, resulting in plasmid pBr/Ad.Bam- 
rlTRANdel which hence contained a unique Ndel site. Next a PCR was performed with oligonucleotides NY-up: 5 - CGA 
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CAT ATG TAG ATG CAT TAG TTT GTG TTA TGT TTC AAC GTG-3' 

And NY-down:5*-GGA GAG CAG TGC GAT GTT-3*(figure 6). During amplification, both a Ndel (bold face) and a Nsil 
restriction site (underlined) were introduced to facilitate cloning of the anrplif led fiber DMAs. Amplification consisted of 
25 cycles of each 45 sec. at 94**C. 1 min. at 60'^G, and 45 sec. at 72°C- The PGR reaction contained 25 pmol of oligo- 
nucleotides rvlY-tp or NY-dcwn, 2mM dNTP, PGR buffer with 1 .5 mM MgC^. and 1 unit of Elongase heat stable polymer- 
ase (Gibco, The Netherlands). One-tenth of the PGR product was run on an agarose gel which demoretrated that the 
expected DNA fragment of ± 2200 bp was an^Ilfied. This PGR fragment was sul>sequently purified using Geneclean 
kit system (Biol 01 Inc.). Then, both the construct pBr/Ad.Bam-rlTRANdel as well as the PGR product were digested 
with restrichon enzymes fsJdel and Sbf I. The PGR fragment was subsequently cloned using T4 ligase enzyme into the 
Ndel and Sbfl digested pBr/Ad.Bam-rlTRANdel generating pBr/Ad.BamRAFib. This plasmid allows insertion of any 
PGR amplified ftoer sequence through the unique Ndel and Nsil sites that are inserted in place of the removed fiber 
sequence. Viruses can be generated by a double homologous recombination in packaging cells described infra using 
an adapter plasmid. constaict pBr/Ad.Aflll-EcoRI digested with Pad and EcoRI and a pBr/Ad.BamRAFib constmcl in 
which heterologous fiber sequences have been inserted. To increase the efficiency of virus generation, the construct 
pBr/Ad.BamRAFIb was modified to generate a Pad site flanking the right ITR. Hereto, pBr/Ad.BamRARb was digested 
with Avrll and the 5 kb adeno fragment was isolated and introduced into the vector pBr/Ad.Bam-rlTR.pac#8 replacing 
the corresponding Avrll fragment. The resulting construct was named pBr/Ad.BamRAFib.pac. Once a heterologous 
fiber sequence is introduced in pBr/Ad.BamRAFib.pac, the fiber nxxJified right hand adenovirus done may be intro- 
duced into a large cosmid done as described for pWE/Ad.Aflll-rlTR in example 1. Such a large cosmid done allows 
generation of adenovirus by only one homologous recombination making the process extremely effident. 

Amplification of fiber sequences from adenovirus serotypes 

[0036] To enable amplification of the DNAs encoding fiber protein derived from alternative serotypes degenerate oli- 
gonudeotides were synthesized- For this purpose, first known DNA sequences encoding fiber protein of alternative 
serotypes were aligned to identify conserved regions in both the tail-region as well as the knob-region of the fiber pro- 
tein. From the alignment, which contained the nudeotide sequence of 19 different serotypes representing all 6 sub- 
groups, (degenerate) oligonudeotides were synthesized (see table 3). Also shown in table 3 ^ the combination of 
oligonucleotides used to anrplify the DNA encoding fiber protein of a specific serotype. The amplification reaction (50 
nO contained 2 mM dNTPs. 25 pmol of each oligonudeotide, standard 1x PGR buffer, 1,5 mM MgClg. and 1 Unit Pvw> 
heat stable polymerase (Boehringer) per reaction. The cyder program contained 20 cydes, each consisting of 30 sec. 
94°Cp 60 sec. 60-64<*G, and 120 sec. at 72**G. One-tenth of the PGR product was run on an agarose gel which demon- 
strated that a DNA fragment was amplified. Of each different template, two independent PGR reactions were perfonmed 
after which the independent PGR fragments obtained were sequenced to determine the nucleotide sequence. From 1 1 
different serotypes, the nudeotide sequence could be conpared to sequences present in GenBank. Of all other sero- 
types, the DNA encoding fiber protein was unknown tilt date and was therefore aligned with known sequences from 
other subgroup members to determine homdogy i.e. sequence divergence. Of the 51 human serotypes known to date, 
all fber sequences, except for serotypes 1 . 6. and 26, have been amplified and sequenced. The protein sequences of 
the fiber from different adenovirus serotypes is given in figure 7. 

Generation of ftoer chimaeric adenoviral DNA constructs 

[0037] All anplified ftoer DNAs as well as the vector (pBr/Ad.BamRA Fib) were digested with Ndel and Nsil. The 
digested DNAs was subsequently run on a agarose gel after which the fragments were isolated from the gel and puri- 
fied using the Geneclean kit (BiolOI Inc). The PGR fragments were then cloned into the Ndel and Nsil sites of 
pBr/AdBamRAFib, thus generating pBr/AdBamRRbXX (where XX stands for the serotype number of which the fitter 
DNA was isolated). So far the ftoer sequence of serotypes 5/7/8/9/ 10/ 11/12/13/14/16/17/ 19/ 21/ 24/ 27/ 28/ 29/ 
30/ 32/ 33/ 34/ 35/ 36/ 37/ 38/ 40-S/ 40-U 41 -S/ 42/45/ 47/ 49/ 51 have been cloned into pBr/AdBamRFibXX. From 
pBr/AdBamRFibXX (where XX is 5/ 8/ 9/ 10/ 1 1/ 13/ 16/ 1 7/ 24/ 27/ 30/ 32/ 33/ 34/ 35/ 38/ 40-S/ 40-17 45/ 47/ 49/ 51) 
an 6 kb Avrll fragment encompassing the ftoer sequence was isolated via gelelectrophoresis and GeneClean. This Avrll 
fragment was sul>sequently cloned in plasmid pBr/Ad.Bam-rlTR.pac (see example 1) which was digested to completion 
with Avrll and dephosphorylated as descrtoed pre/iously, leading to the generation of the plasmid pBr/Ad.Bam- 
rlTR.pac.fibXX. This plasmid was subsequently used to generate a cosmid ctone with a mocfified ftoer using the con- 
structs pWE.pac, pBr//Vflll-Bam and pBr//\d.Bam-rlTR.pac.fibXX. This cosmid doning resulted in the formation of con- 
struct pWE//\d. Aflll-rlTR/FibXX (where XX stands for the s^otype number of which the fiber DNA was isolated). 
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Generation of pAd5/L420.HSA, pAdS/Clip and pAd5/Clipsal 

[0038] pMLPl.TK was used to make a new vector in wtiich nucleic acid molecules conprising specific promoter and 
gene sequences can be easily exchanged. 

5 First, a PGR fragment was generated from pZipAMo4-PyF101(N") template DNA (described in PCT/NL96/00195) with 
the following primers: LTR-1: S'-CTG TAG GTA CCA GTG GAC TGG CGT AGG GAT GGA AAA ATA CAT AAC TG-3' 
and LTR-2: 5'-GCG GAT CGT TGG AAC CAT GGT AAG CTT GGT AGG GGT AGG GTT AAC GGG GGG ACT GAG 
TCA ATG G-3'. Pwo DNA polymerase (Boehringer Mannheim) was used according to manufacturers protocol with the 
following tenperature cycles: once 5* at 3' at 55°C; and r at 72**G, and 30 cycles of V at V at 60**C, V at 

10 72°C, followed by once 10* at 72°G. The PGR product was then digested with BamHI and ligated into pMLPIO (Levrero 
et al., 1991 ; Gene 101. 195-202) digested with Pvull and BamHI, thereby generating vector pLTRIO. This vector con- 
tains adenoviral sequences from bp 1 up to bp 454 followed by a promoter consisting of a part of the Mo-MuLV LTR hav- 
ing its wild-type enhancer sequences replaced by the enhancer from a mutant polyoma virus (PyFIOI). The promoter 
fragment was designated L420. Sequencing confirmed conect amplification of the LTR fragment however the nrK>st 5' 

15 bases In the PGR fragment were missing so that the Pvull site was not restored. Next, the coding region of the murine 
HSA gene was inserted. pLTRIO was digested with BstBI followed by Klenow treatment and digestion with Ncol. The 
HSA gene was obtained by PGR amplification onpUC18-HSA(Kay etal.. 1990; J. Immunol. 145, 1952-1959) using the 
following primers: HSA1 , 5'-GGG CCA CCA TGG GGA GAG GGA TGG TGG C-3' and HSA2, 5'-GTT AGA TCT AAG 
GTT GTG GAG ATG GAT GTA GTA AGA GTA GAG ATG TAG AA^'. The 269 bp amplified fragment was subcloned in 

20 a shuttle vector using the Ncol and Bglll sites. Sequencing confirmed incorporation of the conect coding sequence of 
the HSA gene, but with an extra TAG insertion directly following the TAG stop codon. The coding region of the HSA 
gene, including the TAG duplication was then excised as a Ncol(sticky)-Sall(blunt) fragment and cloned into the 3.5 kb 
Ncol(sticky)/BstBI(biunt) fragment from pLTRIO. resulting in pLTR-HSAIO. 

Finally, pLTR-HSAlO was digested with EcoRI and BamHI after which the fragment containing the left ITR, packaging 
25 signal, L420 promoter and HSA gene was inserted into vector pMLPl.TK digested with the same enzymes and thereby 
replacing the pronfK)ter and gene sequences. Tliis resulted in the new adapter plasmid pAd5/L420-HSA that contains 
convenient recognition sites for various restriction enzymes around the promoter and gene sequences. SnaBl and Avrll 
can be combined with Hpal, Nhel, Kpnl, Hindlll to exchange promoter sequences, while the latter sites can be com- 
bined with the Qal or BamHI sites 3* from HSA coding region to replace genes in this construct. 
30 [0039] Another adapter plasmid that was designed to allow easy exchange of nucleic add molecules was made by 
replacing the promoter, gene and polyA sequences in pAd5/L420-HSA with the CMV promoter, a multiple cloning site, 
an Intron and a polyA signal. For this purpose, pAd5/L420-HSA was digested with Avrll and Bglll followed by treatment 
with Klenow to otJtain blunt ends. The 5.1 kb fragment with pBr322 vector and adenoviral sequences was isolated and 
ligated to a blunt 1570 bp fragment from pcDNAI/anp (Invitrogen) obtained by digestion with Hhal and Avrll followed 
35 t>y treatment with T4 DNA polymerase. TTiis adapter plasmid was named pAd5/Glip. To enat)le renroval of vector 
sequences from the adenoviral fragment pAd5/Clip was partially digested with EcoRI and the linear fragment was iso- 
lated. An oligo of the sequence 5' TTAAGTGGAC-3' was annealed to itself resulting in a linker with a Sail site and EcoRI 
overhang. The linker was ligated to the partially digested pAd5/Clip vector and cbnes were selected that had the linker 
inserted in the EcoRI site 23 bp upstream of the left adenovirus ITR in pAd5/Clip resulting in pAd5/Glipsal. 

40 

Generation of DAd5GlipLacZ. pAdSGIip.Luc. pAdSCIip.TK and pAd5CliDsal.Luc 

[0040] The adapter plasmid pAd5/Clip.LacZ was generated as follows: The E.coli LacZ gene was amplified from the 
plasmid pMLRnlsLacZ (EP 95-202 213) by PGR with the primers 5'GGGGTGGCGAGGGTAGCTGTAGGGTnTGCAA 

45 and 5*GGGGGGATGGATAAAGAAGTTGAGAATCC. The PGR reaction was performed Ex Taq (Takara) according to the 
suppliers protocol at the following anplification program: 5 minutes 94**G. 1 cycle; 45 seconds 94"C and 30 seconds 
60°G and 2 minutes 72'*C, 5 cycles; 45 seconds 94°G and 30 seconds 65°G and 2 minutes 72**G, 25 cycles; 10 minutes 
72; 45 seconds 94°C and 30 seconds 60*C and 2 minutes 72*G, 5 cycles. I cycle. The PGR product was sut>sequently 
digested with Kpnl and BamHI and the digested DNA fragment was ligated into KpnI/BamHl digested pcDNA3 (Invit- 

50 rogen). giving rise to pcDNA3.nlsLacZ. Next, the plasmid pAd5/Glip was digested with Spel. The large fragment con- 
taining part of the 5* part CMV promoter and the adenoviral sequences was isolated. The plasmid pcDNA3.nlsLacZ was 
digested with Spel and the fragment containing the 3'part of the CMV promoter and the lacZ gene was isolated. Sub- 
sequently, the fragments were ligated. giving rise to pAd/Clip.LacZ. The reconstitution of the CMV promoter was con- 
firmed by restriction digestion. 

55 [0041] The adapter plasmid pAdS/Oip.Luc was generated as foltows: The plasmid pGMV.Luc (EP 95-202 213) was 
digested with Hindlll and BamHI. The DNA fragment containing the ludferase gene was isolated. The adapter plasmid 
pAd5/Clip was digested with Hindlll and BamHI. arxJ the large fragment was isolated. Next, the isolated DNA fragments 
were ligated. giving rise to pAd5/Clip.Luc. The adapter pGlipsal.Luc was generated in the same way but using the 
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adapter pClipsal digested with Hill and BamHI as vector fragment. Likewise, the TK containing HIII-BamHI fragment 
from pCMV.TK (EP 95-202 213) was inserted in pClipsal to generate pAdS/Clip.TK. The presence of the Sail site just 
upstream of the left ITR enables liberation of vector sequences from the adeno insert. Removal of these vector 
sequences enhances frequency of vector generation during homologous reconr^ination in PER.C6. 

5 

Generation of recombinant adenovirus chimaeric lor f foer protein 

[0042] To generate recombinant Ad 5 vims carrying the fiber of serotype 1 2. 1 6, 28. 40-L, 51 . and 5, three constructs. 
pCLIP.Luc. pWE/AdAflll-Eco and pBr/AdBamrlTR.pac/fibXX (XX = 12. 16. 28, 40-L. 51, arwi 5) were transfected into 
10 adenovirus producer cells. To generate recombinant Ad 5 virus candying the f toer of 5/ 7/ 8/ 9/ 1 0/ 1 1 / 1 2/ 1 3/ 1 4/ 1 6/ 1 7/ 
19/21/ 24/ 27/ 28/ 29/ 30/ 32/ 33/ 34/ 35^ 36/ 37/ 38/ 40-S/ AO-U 41 -Sf 42/45/ 47/ 49^ 51 . two constructs pCLIRLuc and 
pWE/Ad./Vflll-rlTR/FibXX were transfected into adenovirus producer cells. 

For transfection, 2 |ig of pCLIRLuc. and 4 pg of both pWE//\dAflll-Eco and pBr//\dBamrlTR-pacAibXX (or in case of cos- 
mids: 4 jig of pCLIRLuc plus 4 jig of pWE//\d./Vflll-rlTR/RbXX) were diluted in serum free DMEM to 100 total volume. 

15 To this DNA suspension 100 ^1 1x diluted lipofectamine (Gibco) was added. After 30 minutes at room temperature the 
DNA-lipofectamine complex solution was added to 2.5 ml of serum-free DMEM which was subsequently added to a T25 
cm^ t^ue culture flask This flask contained 2x1 0^ PER.C6 cells that were seeded 24-hours prior to transfection. Two 
hours later, the DNA-lipofectamine complex containing medium was diluted once by the addition of 2.4 ml DMEM sup- 
plemented with 20% fetal calf serum, /igain 24 hours later the medium was replaced by fresh DMEM supplemented 

20 with 10% fetal calf serum. Cells were cultured for 6-8 days, subsequently harvested, and freeze/thawed 3 times. Cellu- 
lar debris was renrwved by centrifugation for 5 minutes at 3000 rpm room tenrperature. Of the supernatant (1 2.5 ml) 3- 
5 ml was used to infect again infect PER.C6 cells {T80 cnn^ tissue culture flasks). Tliis re-infection results in full 
cytopathogenic effect (CPE) after 5-6 days after which the adenovirus is harvested as desaibed above. With the gen- 
erated virus batch two assays were routinely performed. 1) 20 jJ virus supernatant, diluted lO-fbkJ by the addition of 

25 1 980 pi DMEM was used to infect A549 cells that were seeded 24-hours prior to infection at a concentration of 1 0^ cells 
per well of 6^«ell plates. Forthy-eight hours later protein lysates were prepared that were subsequently used to meas- 
ure marker gene expression (luciferase activity). 2) 20 jil virus supernatant Is used to determine the virus titer on human 
91 1 cells. For this purpose, 91 1 cells are seeded at a concentration of 4x10^ cells per well in 96^well plates. Three to 
four hours after seeding, the medium was replaced by adenovirus supernatant (dilution range: 2 ^il - 5 x 10'® ^U)- Tb© 

30 virus titers of the chimaeric iher adenovirus serotype 5 always exceeded 1x10® infectious units per ml. 

Example 3: Production, purification, and titration of chimaeric adenoviruses 

[0043] Of the supernatant obtained from transfected PER.C6 cells typically 10 ml was used to inoculate a 1 liter fer- 

35 mentor which contained 1 - 1 .5 x 1 0® cells/ ml PER.C6 that were specifically adapted to grow in suspension. Three days 
after inoculation, the cells were harvested and pelleted by centrifugating for 10 min at 1750 rpm at room temperature. 
The chimaeric adenoviruses present in the pelleted cells were subsequently extracted and purified using the following 
downstream processing protocol. The pellet was dissolved in 50 ml 10 mM NaP04 and frozen at -20**C. After thawing 
at 37°C, 5.6 ml deoxycholate (5% w/v) was added after which the solution was homogenated. The solution was subse- 

40 quently incubated for 15 minutes at 37**C to crack the cells. After homogenizing the solution. 1875 m* (IM) MgC^" was 
added and 5 ml 1 00% glycerol. After the addition of 375 ^il DNase (1 0 mg/ ml) the solution was incubated for 30 minutes 
at 37*'C. Cell debris was removed by centrifugation at 1 880xg for 30 minutes at room tenperature without the brake on. 
The supernatant was subsequently purified from proteins by loading on 10 ml of freon. Upon centrifugation for 15 min- 
utes at 2000 rpm without brake at room temperature three bands were visible of which the upper band represents the 

45 adenovirus. This band was isolated by pipetting after whk;h it was loaded on a Tris/HCI (1 M) buffered caesium chloride 
Wockgradient (range: 1 .2 to 1 .4 gr./ml). Upon centrifugation at 21000 rpm for 2.5 hours at 10°C the virus was purified 
from remaining protein and cell debris since the virus, in contrast to the other components, did not migrate into the 1 .4 
gr./ ml cesium chloride solution. The virus band was isolated after which a second purification using a Tris/ HCl (IM) 
buffered continues gradient of 1.33 gr.Anl of cesium chloride is performed. After virus loading on top of this gradient the 

50 virus was centirifuged for 17 hours at 55000 rpm at lO^'C. Subsequently the virus band w^ isolated and after the addi- 
tion of 30 of sucrose (50 w/v) excess cesium chloride is removed by three rounds of dialysis, each round comprising 
of 1 hour. For dialysis ttie virus is transferred to dialysis slides (Slide-a-lizer. cut off 10000 kDa. Pierce, USA). The buff- 
ers used for dialysis are PBS which are supplemented witii an increasing concentration of sucrose (round 1 to 3: 30 ml, 
60 ml. and 1 50 ml sucrose (50% w/v)/1 .5 liter PBS. all supplemented witii 7.5 ml 2% (w/v) CaMgCy. After dialysis, tiie 

55 virus is removed from the slide-a-lizer after which it is atquoted in portions of 25 and 100 ^1 upon which the virus is 
stored at -85**C. 

[0044] To determine the nunft>er of viruspartides per milliliter. 50 jJ of tiie virus batch is run on an high perforrrance 
liquid chromatograph columns (HPLC). The adenovirus is bound to the column (anion exchange) after which it is eluted 
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using a NaCI gradient (range 300-600 mM). By determining the area under the viruspeak the number of virus particles 
can be calculated. To determine the nurr^er of infectious units (lU) per ml present in a virus t>atch, titrations are per- 
formed on 91 1 cells. For this purpose, 4x10^ 91 1 cells are seeded per well of 96-well plates in rows B, D, and F In a 
total volume of 100 ^1 per well. Three hours after seeding the cells are attached to the plastic support after which the 
medium can be removed. To the cells a volume of 200 ^1 added, in duplicate, containing different dilutions of virus 
(range: 1 0^ times diluted to 2x1 0^. By screening for CPE the highest virus dilution which still renders CPE after 1 4 days 
is considered to contain at least one infectious unit. Using this observation, together with the calculated amount of virus 
volume present In these wells renders the number of infectious units per ml of a given virus batch. The production 
results Le. virus particles per ml and lU per ml or those chimaeric adenoviruses that were produced so far, are shown 
in table 4. 

Example 4: Re-directed infection of chimaeric adenoviruses 

[0045] To demonstrate re-directed infection in vitro of the adenoviruses chimaeric for fiber protein, a panel of human 
cell lines of different origins was used. This panel includes amongst others human hepatic cells, primary fibrot>!asts, 
hemopoietic derived cell lines, primary smooth musde cells, primary synoviocytes, and primary celts derived from the 
amniotic fluid such as amniocytes and chorionvilli. These cell types were infected with a panel of chimaeric adenovi- 
ruses which differ in the fiber protein. For this purpose target cells are seeded at a concentration of 1 0^ cells per well of 
a-well plates in 2 mi Dulbecco's modified Eagle's medium (DMEM, iJfe Technologies. The Netherlands) supplemented 
with 10% Fetal calf serum. Twenty-four hours later the medium is replaced by fresh medium containing the different chi- 
maeric adenoviruses at an increasing MOI of 0, 10. 50, 250, 1250. 2500. 5000 (MOi leased on virus particles per cell). 
Approximately 2 hours after the addition of virus the medium containing the virus is discarded, cells are washed once 
witii PBS. and subsequently 2 ml of fresh medium (not containing virus) is added to each well. Forthy-eight hours later 
cells are harvested, washed and pelleted by centrifugating 5 minutes at 1500 rpm. Cells are subsequently iysed in 0,1 
ml lysis buffer (1% Trhon-X-IOO. 15% Glycerol, 2 mM EDTA. 2 mM DTT and 25 mM MgC^ in Tris-phosphate buffer pH 
7.8) after which the total protein concentration of the lysate Is measured (Biorad, protein standard II). To determine 
marker gene expression (luciferase activity) 20 ^1 of the protein sample is mixed with 100 of a lucif erase substrate 
(LucHerine, Promega, The Netherlands) and subsequently measured on a Lumat LB 9507 apparatus (EG & G Berthold. 
The Netherlands). The results of these infection experiments, given as the anmunt of luciferase activity (RLU) per \iQ 
protein, are shown in Tat)le 5. These results clearly demonstrate that alteratfon of the fiber protein results in alteration 
of the adenovirus serotype 5 host range. 

Example 5: Receptor usage of Fiber chimaeric adenoviruses 

[0046] To determine wtiat cellular molecules are used by the fiber chimaeric adenoviruses the expression of proteins 
known to be involved In adenovirus serotype 5 infection I.e. Coxsackie adenovirus rec^tor (CAR), MHC class I, and 
integrins (avp3, otvpS) was measured. For this purpose. 1x10^ target cells were transferred to tubes (4 tubes per cell 
type) designed for f bw cytometry. Cells were washed once with PBS/ 0.5% BSA after which the cells were pelleted by 
centrifugation for 5 minutes at 1 750 rpm at room tenperature. Sut>sequentiy, 10 (il of a 100 times diluted OyPS antibody 
(Mab 1961 . Brunswick chemie. Amsterdam, The Netherlands), a 100 times diluted antitxxly OvpS (antibody (Mab 1976, 
Brunswick chemie, Amsterdam. The Netheriands), or 2000 times diluted CAR antilxxJy (a kind gift of Dr. Bergelson, 
IHarvard Medical School. Boston, USA (Hsu et aO) was added to the cell pellet after which the cells were incid>ated for 
30 minutes at 4°C in a dark environment. After this incubation, cells were washed twice with PBS/0.5% BSA and again 
pelleted by centrifugation for 5 minutes at 1750 rpm room temperature. To label tiie cells, 10 ^1 of rat anti mouse IgGI 
lat>eled with phycoerythrine (PE) was added to the cell pellet upon which the cells were again Incubated for 30 minutes 
at 4°C in a dark environment Rnally the cells were washed twice with PBS/0.5% BSA and analyzed on a flow cytom- 
eter. The results of these experiments are shown in table Also, in table £ the infection efficiency of an adenovirus from 
subgroup A, B, C. D, and F is incorporated. These data clearly show that infection of a subgroup C adenovirus corre- 
lates with expression of CAR. The data also demonstrate that the chimaeric adenoviruses carrying a fiber of an aden- 
ovirus of subgroup B, D, or F can infect cells that do not express measurable levels of tiie CAR protein thus being able 
to infect cells via different (CAR-independent) pathways. 

Example 6: Radiolabeilng of adenovirus particles 

[0047] To enable tracking of infection of the wild type adenovirus serotypes, these viruses were lat}eled with radioac- 
tive p^/i^^^ or wrtii fluorescent probes prior to infection. Using fluorescent microscopy or by measuring radioactivity, 
the eff idency of infection of different serotypes Into particular cell types is determined. To demonstrate re-directed infec- 
tfon in vivo of adenovirus chimaeric for f ber protein. 1x1 0^ infectious particles were injected via the tail vein Into CBA/ca 



14 



EP0 978566A2 



mice (2 mice for each chimaeric adenovirus). Detection of adenovirus infection into specific tissues is monitored on two 
different levels: 1)Binding of cfiimaeric adenovirus is monitored by radioactive labeling the adenovirus (Eisenlohr et al., 
1987; Matlin et aL, 1981 ; Richman et al. 1998). One hour after in vivo systemic delivery via the tail vein mice are sacri- 
ficed after which preferred is investigated by measurinlg radioactivity in various organs c.q. tissues. 2) Successful infec- 
tion is monitored by adenovirus g^e expression of the marker gene i.e. lacZ or ludferase activity. Four days after 
administration mice are sacrif iced after which organs and tissues are isolated. Samples included liver, spleen, gastroin- 
testinal tract, peripheral blood, bone marrow, aorta, muscle etc. Using this strategy, preferred binding of chimaeric ade- 
novirus towrards tissues of interest can be investigated. Moreover, using this strategy, preferred infection of chimaeric 
adenovirus into specific cells of particular organs can be determined. 

80 \iC\ (Cygne BV. The Netherlands) or 1^^^ (Amersham) was activated by incubation for six minutes at RT in an 
lodogen pre-coated tube (Pierce) in 100 ^1 iodination buffer (25 mM Tris, pH8, 0.4 M NaCI). The radiolabeiing reaction 
was started by transferring the activated Iodide to an Eppendorf tube containing 1 ,5.1 0^° adenovirus particles in 1 00 
iodination buffer. The reaction was allowed to proceed for nine minutes at RT, after which incorporated label was sepa- 
rated from free label by geHiltration. using a S^hadex 25 column (P-10, Pharmacia). To this end, a P-10 column was 
pre-washed with 10 ml PBS buffer and subsequently loaded with the radiolat)eling reaction, supplemented with two ml 
of iodination buffer. After discarding the first flow-through, the column was eluted with PBS buffer in 0.5 ml steps, and 
the different fractions were collected in separate tubes. Free label, which is slowed down by the column, was concen- 
trated in fractions 10-16. Radiolat>eled virus particles accumulated predominantly in fractions 4, 5 and 6, corresponding 
to a total eluted volume of 2-3 ml. The radioactivity of these virus-containing fractions was measured and expressed as 
counts per minute (cpm), resulting in up to 5.10^ cpm per 10^° virus particles. 

Several control experiments were conducted to ensure the integrity of the virus particles after the various manipula- 
tions. For instance, one reaction was included in which the virus particles undenwent identical treatment but with the 
omission of radioactive Iodide. Eluted virus particles were subsequently used to infect A549 cells. The anrrount of 
infected cells was estat>lished by the expression d a visual marker gene such as LacZ. In addition, small aliquots of 
those eluted fractions that represented radiolabeled adenovirus were used to infect A549 cells to test the expression of 
the transgene, which was taken as an indication for virus viability of the specif k; virus batch used. 
[0048] The radiolabeled virus particles can subsequently be used for various in vitro and in vivo studies to determine 
the affinity for different cell types or for different organs. For in vitro studies, different cell lines such as for instance 
HUVEC (human umtMlk:al vein endothelial cells) or SMC (smooth muscle cells) are seeded in 24-weIl plates in the 
appropriate culture medium, and infected with radiolabeled adenovirus particles at a multiplicity of infection of 10, 100 
and 1000. As a control, cells are incubated with a similar amount of free Iodide. Two hours after infection, cells are 
extensively washed with PBS buffer, and the remaining radioactivity measured. The amount of radioactivity that 
remains associated with the cells, corrected for the amount of radioactivity of the control cells incubated with free lat)el. 
is a direct measure for the amount of virus that is attached to or has penetrated the cells. 

[0049] For in vivo studies, the biodistribution of adenoviruses that differ only in the origin of their fiber proteins was 
conpared. To this end, rats were placed under general anesthetic and 0.1-2 MBq of radiolabeled adenovirus partrcles 
was intravenously (iv) administered into the tail vein. As a control, one rat received a comparat)le dose of free Iodide 
only. The animals were subsequently placed onto a gamma scanner and scanned for 1 0 mimtes. to focalize the source 
of the gamma radiation and thus to determine the in vivo biod^ibution of systemically introduced adenovirus. After one 
hour, animals were sacrificed and the major organs removed for weighing and for accurate quantification of radioactivity 
using a scintillation counter. The distribution of radioactivity in varfous organs after iv is pressed as cpm per gram tis- 
sue, and is shown in figure 8. 

Example 7: Infection of human primary cells from amniotic fluid. 

[0050] In Table 5 (example 4) infection results are shown on both amniotic cells and chorionvilli. These cell types are 
isolated from the amniotic fluid and cultored ex vivo under standard conditions (Roest et al, 1996). Such cells are kJeal 
targets to use for prenatal diagnosis. For instance, in some cases (approximately 50-100 yeariy) prenatal diagnosis of 
muscular dystrophin is impossible using standard techniques such as reverse- transcribed PGR or DNA PGR because 
the mutations in the dystrophin gene are unknown and the level of dystrophin produced in non<lifferentiated chorionvilli 
or amnionvilli cells is very low. In these cases isolation and fast differentiatfon of predominantly chorionvilli cells is per- 
formed. These chorbnvilli are siA)sequently infected with a retrovirus (Roest et al, 1996) or an adenovirus carrying the 
MyoD cDNA (Roest et al, 1999) which, upon transduction, triggers the chorionvilli to differentiate into striated muscle 
cells within one week. After complete differentiation these cells can then be used for Western analysis, or immunohis- 
tochemislry to determine whether the dystrophin protein is expressed. To date, the infection effrciency of chorionvilli 
cells has been disappointing with only 2-5% of cells transduced with a retrovirus (Roest et al, 1996). Using a serotype 
5 adenovirus to deliver the MyoD cDNA to chorionvilli approximately 10%-20% (Roest et al. 1999) of the cells can be 
transduced txit only when using high multiplicity of infection (MOI) which resuHs in undesired toxicity and thus cell 
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death. The results in Table 5 clearly demonstrate that the adenGvirus serotype 5 is not an ideal candidate tor transduc- 
ing chorionvilli cells since only marginal lucif erase activity is measured (75 RLU/ ^g protein) at the highest MO I tested 
(MOI = 5000 viruspartides per cell). These results are confirmed using flow cytometry for the presence of the Cox- 
sackie adenovirus receptor (CAR) and integrins which demonstrates that the receptors for adenovirus serotype 5 are 
only marginally present on chorionvilli (Table 6). Surprisingly, the adenovirus serotype 5 based vector containing a f toer 
of either subgroup B (fitter 16 and/or 51) or subgroup F (fiber 40-L) both transduce the chorionvilli with high efficiency. 
The vector which does best, based on ludferase activity is the adenovirus 5 with f ber 40-L which results in 1 ,688,028 
relative light units per fxg of protein, >20,000 fold increased transgene expression as compared to adenovirus serotype 
5. TTiis vector can thus be used to transduce cells present in the amniotic fluid to allow fast differentiation for purposes 
described atx]ve, for inhibiting gene expression during prenatal development, or to t'ansfer and express nucleic acid of 
interest to the amniotic fluid. 

Example 8: Generation of adenovirus serotype 5 based viruses witti c^imaeric hexon protein. 

[0061 ] TTie method described infra to generate recombinant adenoviruses by co-transfection of two, or more separate 
cloned adenovirus sequences. These cloned adenoviral sequences were subsequentiy used to remove specific aden- 
ovirus serotype 5 sequences in order to generate template clones which allow for the easy introduction of DNA 
sequences derived from other adenovirus serotypes. As an example of tiiese template clones, tiie construction of plas- 
mids enabling swapping of DNA encoding for hexon protein is given. 

Generation of adenovirus template clones laddng DNA encoding for hexon 

[0052] H^on coding sequences of adenovirus serotype 5 are located between nucleotides 18841 and 21697. To 
facilitate easy exchange of hexon coding sequences from alternative adenovirus serotypes into the adenovirus sero- 
type 5 backbone, first a shuttle vector was generated. This sutx^lone, coded pBr/Ad.Eco-Pmel. was generated by first 
digesting plasmid pBr322 with EcoRI and EcoRV and inserting the 14 kb Pmel-EcoRI fragment from pWE/Ad.Aflll-Eco. 
In tiiis shuttle vector a deletion was made of a 1430 bp SanDI fragment by digestion with SanDl and religation to give 
pBr/Ad.Eco-Pmel ASanDI. The removed fragment contains unique Spel and Muni sites. From pBr/Ad.Eco- 
PmelASanDl the adenovirus serotype 5 DNA encoding hexon was deleted. Hereto, the hexon flanking sequences were 
PGR amplified and linked together thereby generating unique restriction sites replacing tiie hexon coding region. For 
these PGR reactions four different oligonucleotides were required: Ahexl -Ahex4. Ahexl : 5'- CCT GGT GGT GGG AAC 
AGC-3' Ahex2: 5'- GGG GAT CC A GTA GTG GAA AGG GGG GGG GGG-3' Ahex3: 5'- GGG GAT C CA ATT GA G AAG 
CAA GGA AGA TGA AGA AG-3' Ahex4: 5-- GAG AAG GGG ATG GAG GGT G^XSee figure 9). 
The amplified DNA product of ± 1 1 00 bp obtained witii oligonucleotides Ahexl and Ahex2 was digested witii BamHl and 
Fsel. The anrplified DNA product of ± 1600 bp obtained with oligonucleotides Ahex3 and Ahex4 was digested witti 
BamHl and Sbfl. These digested PGR fragments were subsequently purified from agarose gel and in a ti^i-part ligation 
reaction using T4 ligase enzyme linked to pBr/Ad.Eco-Pmel ASanDI digested with Fsel and Sbfl. The resulting con- 
struct was coded pBr/Ad.Eco-PmeAHexon. This construct was sequenced in part to confirm tiie correct nucleotide 
sequence and the presence of unique restriction sites Muni and Spel. 

Amplification of hexon sequences from adenovirus serotypes 

[0053] To enatrfe amplification of the DNAs encoding hexon protein derived from alternative serotypes degenerate 
oligonucleotides were synthesized. For this purpose, first krK)wn DNA sequences encoding for hexon protein of alter- 
native serotypes were aligned to identify conserved regions in both the N-terminus as well as the G-terminus of the 
Hexon protein. From the alignment, which contained the nucleotide sequence of 9 different serotypes representing 5 of 
the 6 known subgroups, (degenerate) oligonucleotides were synthesized. These oligonucleotides were coded HEX-up 
(5'- GG AGGTGT AAG ATG GCY ACC CCH TCG ATG MTG- 30 and HEX<k)wn (5'-GGA TGG ATG GTT ATG TKG TKG 
GGT TRG GGG G -3'). The amplifk;ation reaction (50 jil) contained 2 mM dNTPs, 25 pmol of each oligonucleotide, 
standard 1x PGR buffer, 1,5 mM MgGl2, and 1 Unit Pwo heat stable polymerase (Boehringer) per reaction. The cyder 
program contained 20 cycles, each consisting of 30 sec. 94'*G. 60 sec. 60-64°G, and 120 sec. At 72<*G. One-tentii of tiie 
PGR product was run on an agarose gel which demonstrated that a DNA fragment was anplif ied. Of each different tem- 
plate, two indeperxient PGR reactions were performed after which the independent PGR fragments ot}tained were 
sequenced to determine the nucleotide sequence. From 9 different serotypes, the nucleotide sequence coukJ be com- 
pared to sequences present in GenBank. Of all other serotypes, the nucleotide sequence encoding the Hecon protein 
is unknown. So far, of each serotype, except for serotypes 1 , 8, 13, and 18, the hexon sequence has t>een PGR ampli- 
fied. The protein sequence of the hexon of serotypes 34. 35, 36. and 41 is given in figure 10. 
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Generation of Hexon chimaeric adenoviral DNA constructs 

[0054] All arrplified hexon DNAs as well as the vector (pBr/Ad-Eco-PmeAHexon) were digested with Muni and SpeL 
TTie digested DNAs was subsequently run on a agarose gel after which the fragments were isolated from the gel and 
purified using the Geneclean kit (Biold Inc). The PGR fragments were then cloned into the Muni and Spel sites of 
pBr/Ad.Eco-PmeAHexon. thus generating pBr/Ad.Eco-PmeAHexXX (where XX stands for the serotype number of 
which the fber DNA was isolated). So far the hexon sequence of serotypes 2, 3, 4, 5, 7, 9, 10, 11 . 14, 15, 16, 19, 20, 
22, 23, 25. 26, 27. 28. 29. 30. 31, 32, 33. 34. 35, 36, 37, 38, 40. 41 . 42. 43. 46, 47. 48. 49, 50, 51 have been cloned Into 
pBr/Ad.Eco-PmeAHexXX. From pBr/Ad.Eco-PmeAHexXX (where XX is 20. 25, 26, 28. 30. 34. 35) a 9.6 kb AscI frag- 
ment encorrpassing the hexon sequence was isolated via geleledrophoresis and an agarase protocol (Boehringer 
Mannheim. The Netherlands). This AscI fragment was subsequently cloned in cosmid pWE/Ad.Aflll-rlTRsp (see exam- 
ple 1) which was digested to conpletion with AscI and deposphorylated as described previously. This cosmid cloning 
resulted in the formation of construct pWE/Ad.Afll l-rFTR/HexXX (where XX stands for the serotype number of which the 
hexon DNA was isolated) 

Generation of recombinant adenovirus chimaeric for hexon protein 

[0055] To generate recombinant Ad 5 virus carrying the hexon of alternative serotypes two constructs. pCLIRLuc. 
pWE/Ad.Aflll-rlTR/HexXX were transfected into adenovirus producer cells. For transfection, 4 ^g of pCLIRLxic, and 4 
|ig of pWE/Ad.Aflll-rlTR/HexXX were diluted in serum free DMEM to 100 ^1 total volume. To this DNA suspension 100 
pi 2/3 x diluted lipofectamine (Gibco) was added. After 30 minutes at room temperature the DNA-lipofectamine corrplex 
solution was added to 2.5 ml of serum-free DMEM which was subsequently added to a T25 crn^ tissue culture flask 
(cells washed with 5 ml serumf ree medium prior to addition of DNA-lipofectamine complex). This flask contained 3 x 
1 0® PER.C6 cells that were seeded 24-hours prior to transfection. Two hours later, the DNA-lipofectamine complex con- 
taining medium was diluted once by the addition of 2.5 ml DMEM supplemented with 20% fetal calf serum. Again 24 
hours later the medium was replaced by fresh DMEM supplemented with 10% fetal calf serum. Cells were cultured for 
6-8 days, subsequently harvested, and freeze/lhawed. Cellular debris was renrwved by centrrfugation for 5 minutes at 
3000 rpm room temperature. Of the supernatant (12.5 ml) 3-5 ml was used to again infect PER.C6 cells (T80 cm^ tissue 
culture flasks). 

Re-directed neutralization towards hexon chimaeric adenovirus 

[0056] To demonstrate an altered immune response towards chimaeric adenoviruses, we first tested 75 sera derived 
from human patierrts (25 cancer patients, 50 rheumatoid arthritis patients) for toxicity on human 91 1 cells. For this pur- 
pose, 91 1 cells were seeded at a concentration of 3x10"* cells per well in 96-well microtiter plates. Twenty-four hours 
later the medium of all wells, except for wells A1 -HI , A5-H5, and A9-H9, was replaced by 50 DMEM supplemented 
with 5% fetal calf serum. To wells A1 . A2, B1 . and B2. 50 jil patient semm 1 was added. Likewise, To wells CI , C2. D1 , 
and D2. 50 jJ of patient serum 2 was added ete. Subsequently. 50 of wells A2-H2 were transferred to A3-H3 after 
which 50 ^ll of wells A3-H3 was transferred to A4-H4. Thus this test schedule resulted in a serum dilution of Ox. 2x. 4x, 
and 8x for each patient serum. Wentical treatment of wells A5-H5 through A8-H8. and A9-H9 through A12-H12 results 
in 12 sera tested per 96-well microtiter plate. From 75 human patient sera tested in total, 25 sera with no apparent tox- 
icity on human 91 1 cells were suk)sequently tested for the presence of antilxxJies capable of neutralizing chimaeric ade- 
novirus infection. For this purpose. 96-well microtiter plates were filled with 50 \s\ DMEM supplemented with 5% fetal 
calf serum except for wells A1 -HI . To wells A1 . A2, B1 . and B2, 50 ^il patient serum 1 was added. Ukewise. to wells CI , 
C2. D1 . and D2, 50 mI patient serum 2 was added etc. Subsequently. 50 nl of wells A2-H2 were transferred to wells A3- 
A4 after which 50 jil of A3-H3 was transferred to A4-H4 ete. until A12-H1 2 (dilution rar^e: 0 - 1/ 2048). From wells A12- 
H12, 50 jil was discarded. Next, 50 nl of vims was added after which the microliter plates were incubated for 1 hour at 
37°C. Upon the addition of 50 ^il 91 1 c^l-suspension (3 x 10"* cells/ well) plates were incubated for 7-9 days after which 
neutralizing capacity was scored by the at>sence. presence, or se/erity of CPE. As controls during these experiments 
at)sence of serum, absence of virus, and absence of serum and virus were taken. Based on these experiments several 
chimaeric viruses are identified towards which little neutralizing antibodies are generated by humans. Similar experi- 
m^fYts as described atx>ve are performed with wikftype adenovirus serotypes from both human as well as animals to 
screen for serotypes which are less prone to neutralization due to the host defense system. These experiments 
although similar are developed in such a way that it allows high throughput screening of many samples at once. This 
assay is descrilDed below. 
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A Nah throuQhPut assay for the detection of neutr alizing activitv in human serum 

[0057] To enable saeening of a large amount of human sera for the presence of neutralizing antibodies against all 
adenovirus serotypes, an automated 96-weIls assay was developed. Human sera 

[0058] A panel of 1 00 individuals Mias selected. Vdunteers (50% male, 50% female) were healthy individuals between 
20 and 60 years old with no restriction for race. All volunteers signed an informed consent form. People professionally 
involved in adenovirus research were excluded. 

Approximately 60 ml Wood was drawn in dry tubes. Within two hours after sanpling, the Wood was centrifuged at 2500 
rpm for 1 0 minutes. Approximately 30 ml serum was transferred to polypropylene lubes and stored frozen at -20**C until 
further use. 

[00591 Serum was thawed and heat-inaclivated at 56°C for 10 minutes and then aliquotted to prevent repeated cycles 
of freezefthawing. Part was used to make five steps of twofold dilutions in medium (DMEM, Gibco BRL) in a quantity 
enough to fill out approximately 70 96-well plates. Aliquots of undiluted and diluted sera were pipetted in deep well 
plates (96-well format) and using a programmed platemate dispensed in 100 p\ aliquots into 96-well plates. This way 
the plates were loaded with eight different sera in dtplo (1 00 jJ/well) according to the scheme below: 
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[0060] Where 81/2 to 88/2 in columns 1 and 6 represent 1x diluted sera and Sx/4, Sx/8. 8x/16 and Sx/32 the twofold 
serial dilutions. The last plates also contained four wells filled vwth 100 pi fetal calf serum as a negative control. Plates 
were kept at -20**C until further usa 

Preparation of human adenovirus stocks 

[0061 1 Prototypes of all known human adenoviruses were inoculated on T25 flasks seeded with PER.C6 cells (Fallaux 
ef a/.. 1 998) and han/ested upon full CPE. After freezeWiawing 1 -2 ml of the crude lysates were used to inoculate a T80 
flask with PER.C6 cells and virus was han^esled at full CPE. The time frame between inoculation and occurence of 
CPE as well as the amount of virus needed to re-infect a new culture, differed between serotypes. Adenovirus stocks 
were prepared by freezefthawing and used to inoculate 3-4 T1 75 cm^ three-layer flasks wrth PER.C6 cells. Upon occur- 
rence of CPE, cells were harvested by tapping the flask, pelleted and vims was isolated and purified by a two step CsCI 
gradient as follows. Cell pellets were dissolved in 50 ml 1 0 mM NaP04 buffer (pH 7.2) and frozen at -20°C. After thawing 
at 37°a 5-6 ml sodium deoxychWate (5% w/v) was added. The solution was mixed gently and incubated for 5-15 min- 
utes at 37°C to completely lyse the cells. After homogenizing the solution. 1875 pi 1M MgQa was added. After the addi- 
tion of 375 nl DNase (10 mgAnI) the solution was incubated for 30 minutes at ZTC. Cell debris was removed by 
centrHugatbn at 1 880xg for 30 minutes at RT without brake. The supernatant ^Nas subsequently purified from proteins 
by extraction with freon (3x). The cleared supernatant was loaded on a 1M Tris/HO buffered cesium chloride Wockgra- 
dient (range: 1 .2/1.4 gr/ml) and centrHuged at 21000 rpm for 2.5 hours at 10°C. The vims band is isolated after which 
a second purif ication using a 1M Tris/HCI buffered continues gradient of 1 .33 gr/ml of cesium chloride was performed. 
The virus was then centrifuged for 1 7 hours at 55000 rpm at lO^'C. The virus band is isolated and sucrose (50 % w/v) 
is added to a final concentration of 1%. Excess cesium chloride is removed by dialysis (three times 1 hr at RT) in dialysis 
slides (Slide-a-lizer. cut off 10000 kDa. Pierce. USA) against 1.5 Itr PBS supplemented with CaCfe (0.9 mM). MgClg 
(O.SmM) and an increasing concentration of sucrose (1 . 2. 5%). After dialysis, the virus removed from the slide-a-hzer 
after which it is aliquoted in portions of 25 and 100 til upon which the virus is stored at -85**C. To determine the nurrtter 
of virus particles per milliliter. 50 of the virus batch is mn on a high-pressure liquid chromatograph (HPLC) as 
desaibed by Shabram et al (1997). Vimses were eluted using an NaCI gradient ranging from 0 to 600 ml^. /te depicted 
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in table I, the NaCI concentration by which the viruses were eluted differed significantly among serotypes. 

[0062] Most human adenoviruses replicated well on PER.C6 cells with a few exceptions. Adenovims type 8 and 40 

were grown on 91 1-E4 cells (He etaL 1998). Purified stocte contained between 5x10^*^ and SxlO^^ ^i^us partcles/ml 

(VP/ml) 

Titration of purified fiuman adenovirus stodcs 

[0063] Adenoviruses were titrated on PER.C6 cells to determine the amount of virus necessary to obtain full CPE in 
five days, the length of the neutralization assay. Hereto. 100 ^1 medium was dispensed into each well of 96-well plates. 
25 ]i\ of adenovirus stocks prediluted 10*, 10^. 10^ or 10^ times were added to column 2 of a 96-well plate and mixed 
by pipetting up and down 10 times. TTien 25 was brought from column 2 to column 3 and again mixed. This was 
repeated until column 1 1 after which 25 jJ from column 1 1 was discarded. This way serial dilutions in steps of 5 were 
obtained starting off from a prediluted stock. Then 3x10* PER-C6 cells were added in a 100 nl volume and the plates 
were incubated at 37 5% CO2 for five or six days. CPE was monitored microscopically. The method of Reed and 
Muensch was used to calculate the cell culture inhibiting dose 50% (CCID50). 

[0064] In parallel identical plates were set ip that were analyzed using the MTT assay (Promega). In this assay living 
cells are quantified by colorimetric staining. Hereto. 20 t^/ITT (7.5 mgrAnI in PBS) was added to the wells and incu- 
bated at 37 «C. 5% CO2 for two hours. The supernatant was removed and 1 00 fil of a 20:1 isopropanol/triton-XI 00 solu- 
tion was added to the wells. The plates were put on a 96-wells shaker for 3-5 minutes to sdubilise predpitated staining. 
Absorbance was measured at 540 nm and at 690 nm (background). By this assay wells with proceeding CPE or full 
CPE can be distinguished. 



Neutralization assay 

[0065] 96-well plates with diluted human serum sanrples were thawed at 37 «C, 5% CO2. Adenovirus stocks diluted 
to 200 CCID50 per 50 111 were prepared and 50 jJ aliquots were added to columns 1 -1 1 of the plates with serum. Plates 
were incubated for 1 hour at 37»C, 5% COg. Then 50 jil PER.C6 cells at exIO^/ml were dispensed in all wells and incu- 
bated for 1 day at 37 «C, 5% COg. Supernatant was removed using fresh pipet tips for each row and 200 nl fresh 
medium was added to all wells to avoid toxic eHects of the serum. Plates were incubated for another 4 days at 37 "C. 
5% CO2. In addition, parallel control plates were set up in dupio with diluted positive control sera generated in rabbits 
and specific for each serotype to be tested in rows A and B and with negative control serum (PCS) in rows C and D. 
Also in each of the rows E-H a titration was performed as described above with steps of five times dilutions starting with 
200 'CCID50 of each virus to be tested. On day 5 one of the control plates was analyzed microscopically and with the 
MTT assay The experimental titer was calculated from the control titration plate obsen^ed microscopically. If CPE was 
found to be conplete. i.e. the first dilution in the control titration experiment analyzed by MTT shows dear cell death, all 
assay plates were processed. If not. the assay was allowed to proceed for one or more days until full CPE was apparent 
after which all plates were processed. In most cases the assay was terminated at day 5. A serum sample is regarded 
to be non-neutralizing when at the highest serum concentration a maximum protection is seen of 40% compared to the 
controls without serum. 

Example 9: Generation of Ad5 based viruses with chimaeric penton proteins 

[0066] The method described infra to generate reconrt>inant adenoviruses by co-transfection of two. or more separate 
cloned adenovirus sequences. These doned adenoviral sequences were subsequentiy used to remove specific aden- 
ovirus serotype 5 sequences in order to generate template dones which allow for the easy introduction of DNA 
sequences derived from other adenovirus serotypes. As an example of these template dones. the construction of plas- 
mids enabling swapping of DNA encoding for penton protein is given. 

Generation of adenovirus template do nes lacking DNA encoding for penton 

[0067] Rrst a shuttle vector for penton sequences was made by insertion of the 7.2 kb Nhel-EcoRV fragment from 
construct pWE/Ad.Aflll-EcoRI (described in example 1) into pBr322 digested witii the same enzymes. The resulting 
vector was named pBr/XN. From tiiis plasmid Ad5 penton sequences were deleted and replaced by unique restriction 
sites that are then used to introduce new penton sequences from other serotypes. Hereto, the left flanking sequences 
of penton in pBr/XN were PCR amplified using tiie following primers: DP5-F: 5'- CTG TTG CTG CTG CTA ATA GC-3' 
and DP5-R: 5*- CGC GGATCC TGT ACA ACT AAG GGG AAT ACA AG-3' DP5-R has an BamHl site (underlined) for 
ligation to the right flanking sequence and also introduces a unique BsrGI site (bold face) at the 5'-end of the former 
Ad5 penton region. 
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The right flanking sequence was anplif ied using: DP3-F: 5'-CGC GGATCC CTT AAG GCA AGO ATG TCC ATC CTT- 
3' and DP3-3R: 5'- AAA ACA COT TTT ACQ COT CGA CCT TTC-3' DP3-F has an BamHI site (underlined) for ligation 
to the left flanking sequence and also introduces a unique Aflll site (t)okJ face) at the 3'-end of the former Ad5 penton 
region, "me two resulting PGR fragments were digested wrth BamHI and ligated together. Then this ligation mixture was 
digested with Avrll and Bglll. pBr/XN was also digested with Avrll and Bglll and the vector fragment was ligated to the 
digested ligated PGR fragments. The resulting clone was named pBr/Ad.A penton. Penton coding sequences from 
serotypes other than Ad5 were PGR amplified such that the 5' and 3' ends contained the BsrGI and Aflll sites respec- 
tively. Introduction of these heterologous penton sequences in pBr/Ad.Apenton generates constructs named 
pBr/Ad-pentonXX where XX represents the number of the serotype corresponding to the serotype used to amplify the 
inserted penton sequences. Subsequently the new penton sequences were introduced in the pWE/Ad.Aflll-rlTR con- 
struct by exchanging the common Fsel fragment. Importantly, in stead of pWE/Ad.Aflll-rlTR it is also possible to insert 
the Fsel fragment from pBr/Ad.pentonXX into a pWE/Ad.Afllll-rlTR/HexXX or an pWE/Ad.Afllll-rlTR/FibXX vector hav- 
ing a modified hexon and/or fiber sequence respectively. In this way the plasmkJ-based system to generate adenovi- 
ruses enables flexible design of any adenovirus with any desired characteristic conceming efficiency and specificity of 
infection of the target cell as well as immunogenicrty. 



Anrolif ication of oenton sequences f rom adenovirus serotypes 

10068] To enable anplification of the DNAs encoding penton protein derived from alternative serotypes oligonucle- 
otides were synthesized. Of each adenovirus subgroup the penton sequence of only one member is known to date. 
Therefore, oligonucleotides were designed based on the known sequences Thus, for anrplif icatron of penton sequences 
from siijgroup C oligonucleotides P5-for (5'-gctcgatgtacaatgcggcgcgcggcgatgtat-3') and P5-rev (S'-gctcgactlaagt- 
caaaaagtgcggctcgatag-3') were used .For the amplification of penton sequences from subgroup B oligonucleotides P3- 
for (5'gctcgatgtacaatgaggagacgagccg tgcla-30 and P3-rev (S'-gctcgacttaagttagaaagtgcggcttgaaag^O were used. For 
the amplification of penton sequences from subgroup D oligonucleotides P17-for (5'gctcgatgtacaatgaggcgt gcgglggt- 
gtcttc-SO and P17-rev (5'-gctcgacttaagttagaaggtgcg aclggaaagc-S*) were used. For the amplification of penton 
sequences from subgroup F oligonucleotides PF-for (S'-gctcgatgtacaatgagacgtgcgglgggagtg-SO and PF-rev (S'-gctcga 
cttaagttaaaacgtgcggctagacag-3') were used. All above described forward digonucIeotkJes contain a BsrGI restriction 
site at their 5'-end and all reverse oligonucleotides contain an Aflll restrk:tion site at the 5'-end. 
The amplification reaction (50 jJ) contained 2 mM dNTPs. 25 pmd of each oligonucleotkJe. standard 1x PGR buffer, 1 ,5 
mM MgCl2. and 1 Unit Pwo heat stable polymerase (Boehringer) per region. The cycler program contained 20 cycles, 
each consisting of 30 sec. 94^G. 60 s^. 60-64'»G. and 120 sec. At 72°G. One-tenth of the PGR product was run on an 
agarose gel which demonstrated that a DNA fragment was amplified. Of each different template, two independent PGR 
reactions were performed after which the independent PGR fragments obtained are sequenced to determine the nucle- 
otide sequence- Of the 51 human serotypes 20 penton sequences have been amplified. 

Generation of penton chimaeric adenoviral DNA constructs 

[00691 All airplified penton DNAs as well as the vector (pBr/Ad.A penton) were digested wrth BsrGI and Aflll. The 
digested DNAs was subsequently run on a agarose gel after which the fragments were isolated from the gel and puri- 
fied using the Genedean kit (Biol 01 Inc). The PGR fragments were then cloned into the BsrGI and Aflll sites of 
pBr/Ad Apenton. thus generating pBr/Ad.pentonXX (where XX stands for the serotype numb^ of which the penton 
DNA was isolated). So far the penton sequence of serotypes 2, 3. 5. 6. 7, 1 1 . 21 , 26. 35. 39. 40. 41 . 42, 47. 48, 49 and 
51 have been cloned into pBr/Ad.pentonXX . From pBr/Ad pentonXX an 5.1 kb Fsel fragment enconrpassing the penton 
sequence was isolated via gelelectrophoresis and Geneclean. This Fsel fragment was siA)sequently doned in cosmid 
pWE/Ad.Aflll-rlTR (see exanple 1) which was digested to completion wrth Fsel and deposphorylated as described pre- 
viously. Tftis cosmid doning resulted in the formation of construct pWE/Ad.Aflll-rlTR/PentonXX (where XX slancte for 
the serotype number of which the penton DNA was isolated). 

Generation of recombinant adenovirus chimae ric for oenton protein 

[0070] To g^erate reconi)inant Ad 5 virus can-ying the Penton of alternative serotypes two constructs. pGLIRLuc 
and pWE/Ad Aflll-rlTR/PenXX were transfected into adenovirus producer cells. 

For transfection. 4 jig of pGLIPLuc and 4 jxg of pWE/Ad.Aflll-rlTR/PentonXX) were diluted in serum free DMEM to 100 
til total volume. To this DNA suspension 100 ^J lx diluted lipofectamine (Gibco) was added. After 30 minutes at room 
temperature the DNA-lipofedamine complex solution was added to 2.5 ml of serum-free DMEM which was subse- 
quently added to a T25 cm^ tissue culture flask This flask contained 2x1 0^ PER.C6 cells that were seeded 24-hourB 
prior to transfection. Two hours later, the DNA-lipofectamine conplex containing medium was diluted once by the addi- 
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tion of 2.5 ml DMEM supplemented with 20% fetal calf serum. Again 24 hours later the medium was replaced by fresh 
DMEM supplemented with 10% fetal calf serum. C^ls were cultured lor 6-8 days, subsequently harvested, and 
freeze/thawed 3 times. Cellular debris was removed by centrifugation for 5 minutes at 3000 rpm room tenperature. Of 
the supernatant (12.5 ml) 3-5 ml was used to infect again Infect PER.C6 cells (TSO cm^ tissue culture flasks). This re- 
infecHon resuHs in full cytopathogenic effect (CPE) after 5-6 days after which the adenovirus is harvested as described 
above. 

[0071 ] The above desaibed examples 1 -9 encompasses the construction of recombinant adenoviral vectors, chimae- 
ric for either fiber protein or hexon protein which results in an altered infection host range or altered immune response 
towards adenoviral vectors. These chimaeric adenoviral vectors are generated for the purpose of gene transfer and 
recoirtsinant DNA vaccines. It must be stressed that in a manner analogous as described under example 1 -9 chimaeric 
adenoviral vectors are constructed for penton and can be constructed for all other adenovirus proteins including but not 
limited to DNA encoding for small proteins required for adenovirus assembly and sequences required for adenovirus 
replication. Moreover, it must be emphasized that with this technology double, triple, quadruple, etc chimaeric adenovi- 
ral vectors can be constmcted with the aim to combine parts of existing adenovirus serotypes to generate adenoviral 
vectors with preferred characteristics for any given target cell or target disease. 

Legends to figures and tables 

[0072] 

Table 1 : Summary of the classification of known human adenovirus serotypes based upon the princple of hemag- 
glutination. 

Table 2: Association of human adenovirus serotypes with human disease. 

Table 3: Oligonucleotides and degenerate oligonucleotides used for the anplification of DNA encocfing for f ber pro- 
tein derived from alternative human adenovims serotypes. Bold letters in oligonucleotides A-E represent an Ndel 
restriction site. Bold letters in oligonucleotides 1-6 and 8 represent an Nsil restriction site. Bokl letters in oligonu- 
cleotide 7 represent a Pad restriction site. 

Table 4: Production results of fiber chimaeric adenoviruses. The number of virus particles per ml were determined 
using HPLC. The number of infectious units (lU) per milliliter were determined through titration on human 91 1 cells. 
For infection experiments, the number of vims particles per milliliter is taken from all chimaeric adenoviruses since 
lU/ml r^lects a receptor mediated process. 

Table 5: Transduction results of human cell lines and primary cells. A549: Human lung carcinoma cell line (ATCC, 
CCL-1185). K562: Human erythroid leukemia (ATCC. CCL-243). SupT1: Human LymphoWast hybrid B and T 
(ATCC. CRL-1991). GM09503: Human primary fibroblasts. HEPG2: Human liver carcinoma (ATCC, HB8065)- 
CEI^: human lymphoWast cells (ATCC, CRL-1992). HeLa: Human cen^ix carcinoma (ATCC, CCL-2). Primary amni- 
ocytes and chorionvilli cells were obtained from department of antropogenetics. Leidw, The Netherlands. Primary 
Smooth musde cells and synoviocytes were obtained from TNO-PG. Leiden. The Netherlands. Shown are the lud- 
ferase activity (in relative light units (RLU) per jig protein) measurements of cells infected at MOI 5000 vimsparti- 
cles per cell. 

Table 6: Expression of integrins (vp3 and a^ps, the Coxsackie adenovirus receptor (CAR), and MHC class I on the 
membranes of target cells. In addition to the cells described in table 5: HUVEC: human umbilical vein endothelial 
cells were otrtained from TNO-PG, Leiden. The Netherlands. Shown is the percentage of cells expressing either 
molecule on their mentorane. The Ad5 based vector carrying a fiber of one representative of each sii)group and 
the efficiency of infection is shown on the right of the table. ND: not determined. 0% means undetectable expres- 
sion of the molecule on the membrane of the cell using flow cytometry. 100% means high expression of the mole- 
cule on the cell membrane. 

Figure 1 : Schematic presentation of adapter plasmid pMLPl.TK. 

Figure 2: Schematic presentation of adapter plasmid pAd/L420-HSA. 

Figure 3: Schematic presentation of adapter plasmid pAd5/CLIP 
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Figure 4: Schematic presentation of a two plasmkJ system for the generation of recombinant adenoviruses. 
Figure 5: Schematic presentation of a three plasmid system lor the generation of recombinant adenoviruses. 

Figure 6: Schematic presentation off generation of pJasmid pBr/AdBamRDeltaFib in which part of the Adenovi- 
rus type 5 f toer DNA is replaced by a short DNA stretch containing a unique Nsil site. 

Figure 7: Fiber protein sequences of adenovims serotypes 8, 9, 13, 14,20. 23. 24, 25, 27, 28. 29, 30, 32. 33. 
34. 35. 36, 37, 38, 39. 42. 43. 44. 45, 46, 47, 48. 49, and 51 . Bold letters represent part of the tail of adenovirus 
serotype 5. If bold letters not present it means that a PGR fragment was sequenced which did not contain the 
Ad5 tail. An X, present in the sequence means unidentified amino add due to unidentified nucleotide. At the 
end of the sequence the stop codon of the fiber is presented by a dot. 

Figure 8: Corrparison of the in vivo biodislribution of labeled adenovirus serotype 5 and an adenovirus chi- 
maeric for fiber protein. Radiolabeled adenovirus (10^° virus particles. 0.1-2 f^Bq) was intravenously adminis- 
tered into the tail vein. As a control, a similar amount of free label was injected into the control animal. Rats 
were sacrificed after one hour and organs calibrated. Radioactivity of the in the figure indicated organs was 
measured with a scintillation counter and is expressed as counts per minute per gram tissue. 

Rgure 9: Schematic presentation of the generation of plasmid pBr/Ad.Eco-PmeAHexon. Also shown is tiie 
sequence of the oligonucleotides defta hex 1 -4 used to delete the DNA encoding for tiie hexon of adenovirus 
serotype 5 protein. 

Figure 1 0:Hexon protein sequences of adenovirus serotypes 34. 35, 36. and 41 . An X. present in ttie sequence 
means unidentified amino acid due to unidentified nucleotide. At the end of ttie sequence the stop codon off tiie 
hexon is presented by a dot. 
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Table 1 



Subgroup 


serotypes 


hemagglutination rhesus 


hemagglutination rat 


A 


12, 18, 31 




47- 


B 


3, 7.11.14,16, 21.34, 35, 51 


+ 




C 


1.2. 5,6 




+/- 


D 


8-10, 13, 15. 17. 19. 20, 22-30 ,32. 33. 36-39. 42- 
47, 49. 50 


+/- 


+ 


E 


4 




+/- 


F 


40, 41 







Table 2 



Syndrom 


Subgenus 


Serotype 


Respiratory illness 


A 


31 




B 


3, 7, 11.14. 21.34. 35. 51 




C 


1.2. 5.6 




D 


39, 42-48 




E 


4 


Keratoconjunctivrtis (eye) 


B 


11 




D 


8. 19. 37. 50 


Hemorrhagic cystitis (Kidney) 


B 


7.11,14,16. 21,34, 35 


ArKl urogenital tract infections 


C 


5 




D 


39, 42-48 


Sexual transmission 


C 


2 




D 


19, 37 


Gastroenteritis 


A 


31 




B 


3 




C 


1.2.5 




D 


28 




F 


40, 41 


CNS disease 


A 


12. 31 




B 


3,7 




C 


2. 5.6 




D 


32, 49 


Hepatitis 


A 


31 




C 


1.2,5 


Disseminated 


A 


31 




B 


3. 7. 11,21 
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Table 2 (continued) 



Syndrom 


Subgenus 


Serotype 




D 


30, 43-47 


None (???) 


A 


18 




D 


9, 10, 13. 15 17, 20. 22-29, 33, 36. 38 



10 



Tables 



Serotype 


Tail oli9onucleotide 


i\noD oiiQonucieoiiQe 


4 


A 

A 


1 


8 


B 


o 


9 


D 


o 
c. 


12 


E 


o 


16 


c 


4 


19p 


B 


2 


28 


B 


2 


32 


B 


2 


36 


B 


2 


37 


B 


2 


40-1 


D 


5 


40-2 


D 


6 


41 -s 


D 


5 


41-1 


D 


7 


49 


B 


2 


50 


B 


2 


51 


C 


8 



A: S'-CCC GTG TAT CCA TAT GAT GCA GAG AAC GAG 
40 CGACG-3* 

B: S- CCC GTG TAG CCA TAT GGC TAG GCG CGG-3' 
G: S- CCK GTS TAG GCA TAT GAA GAT GAA AGC-3' 
D: 5'-GGG GTG TAG CCA TAT GAG ACC TYG TGA ACT C- 
3' 

E: S- CCC GTT TAG CCA TAT GAG CCA TTT GAG ACA 
^ TGAGAC-3' 

1 : 5"-CCG ATG CAT TTA TTG TTG GGC TAT ATA GG A-3' 
2: 5-GCG ATG CAT TYA TTG TTG GGC RAT ATA GGA-3' 
3 : S-CCG ATG CAT TTA TTG TTG GG R AAT GTA WG A 
AAA GGA-3' 

50 4:5'-CGGATGCATTGAGTC ATGTTGTGTGATATA-3' 

5: ff-GGG ATG CAT TTA TTG TTC AGT TAT GTA GCA-3' 
6: S-QGC ATG CAT TTA TTG TTC TGT TAG ATA AGA-3' 
7 : 5 -G GG TTA ATT AAG CCG TTA TTG TTG TGT TAG ATA 

AGA-3' 

8: S- CCG ATG CAT TGA GTG ATG YTG TWT AAT ATA-3' 
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Table 4 



Adenovirus 


Virus particles/ ml 


Infectious units/ ml 


AdSFibS 


2.2x10^2 


6.8x10^^ 


Ad5Fib12 


4.4x10^^ 


1.9x10^2 


Ad5Fib16 


1.4x10^2 


3.0x10^<* 


Ad5Fib17 


9-3x10^^ 


9.5x10^ 


Ad5nb28 


5.4x10^° 


2.8x10^ 


Ad5Fib32 


2.0x10^2 


1.1x10^2 


Ad5Fib40-S 


3.2x10^° 


1.0x10^° 


Ad5Fib40-L 


2.0x10^^ 


6.4x10^^ 


Ad5Fib49 


1-2x10^2 


4.3x10^^ 


Ad5Fib51 


5.1x10^2 


1.0x10^2 
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3 



5 



!8 



5 



S 



I 

U- 

5 



8 



i! 



8 



S 
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Claims 

1 , A chimaeric adenovirus comprising at least a part of a f ber protein of an adenovirus serotype providing the chi mae- 
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ric virus with a desired host range and at least a part of a penton or hexon protein from another less antigenic ade- 
novirus serotype resulting in a less antigenic chimaeric adenovirus. 

2. A recombinant vector derived from an adenovirus conprising at least one ITR and a packaging signal having an 
Insertion site for a nucleic acid sequence of interest, and further having an insertion site for functionallly inserting a 
gene encoding a penton and/or a hexon protein of a first serotype of adenovirus and having an insertion site for a 
gene encoding a fiber protein of a secorxl adenovirus of a different serotype. 

3. A recombinant vector according to claim 2 which is a plasmtd. 

4. A packaging cell for producing a chimaeric adenovirus according to claim 1 . conprising in trans all elements nec- 
essary for adenovirus production rK>t present on the adenoviral vector according to claim 2. 

5. A kit of parts comprising a packaging cell according to claim 4 and a recombinant vector according to claim 2 or 3. 
whereby there is ess^tially no overlap leading to recombination resulting in the production of replication compe- 
tent adenovirus between said cell and said vector. 

6. A vector according to claim 2 or 3 where the insertion sites are different and preferably unique restrictbn sites. 

7. A method lor producing a chimaeric adenovirus having a desired host range and dinrunished antigenicity, compris- 
ing providing a vector according to claim 2. inserting into said vector at least a functional part of a penton or hexon 
protein derived from an adenovirus serotype having relatively low antigenicity, inserting at least a functional part of 
a fiber protein derived from an adenovirus serotype having the desired host range and transfecting said vector In a 
packaging cell according to claim 4 and allowing for production of chimaeric viral particles. 

8. A method according to claim 7, wherein said reduced antigenicity Is a diminished capability to raise neutralizing 
antibodies. 

9. A chimaeric adenovirus accofding to claim 1 , wherein the hexon, penton and/or f it>er proteins are chimaeric pro- 
teins originating from differerrt adenovirus serotypes. 

10. A nucleic acid library comprising nucleic add derived from different adenovirus serotypes. 



29 



EP0978566 A2 




30 



EP0 978566 A2 



Figure 2 
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Figure?: 



1.1: Serotype 8 fiber protein 

SCSCTSAPTIFMIXQMiaiARreEDTiWVYPYGYARNQNI^ 

NFPPGVIJSI^IJU>PlTnWQNVSUCVGGGLTLQEErcKLTVN^^ 

AIJ>APFDVroNia.TLIAGHGl^IITKETSTLPGLVbril,\^TGKGI^ 

ICVRVGEGGGL^I^NGDLVAimKEDKRTLWITPDTSIWCRIIXJDKDSI^ 

LTKCGSQIIJ^NVSUWAGRYiaiNNNn^PAIJCGFnKIlJ^ 

YWNFRNQNSIMSTAYHCAIGFMPNLVAYPKPTTGSKKYARDIWGMYiaj^ 

QPV'im'iUWQETGCEYSrm)FSWAKTYWVEFETTSFT^ 

1.2: Serotype 9 fiber protein 

SCSCPSAITlinVILLQMiaiARreEDTfNPVYPYGYARNQNIPFL^ 

NFPPGVI^LKIADPIAIVNGNVSLKVGGGLTLQDGTGKLTVNADITI^ 

GIAlI)AProVlDNia.TLLAGHGI^iriXETSTLPGIJBm.VV^ 

SVCVRVGEGGGI^FNhTKSDLVAFNKKEDKRTLWTTPDTSPNOaiXJDKI) 

VLTKCGSQnJVNVSIJWAGKYKIINNNTQPAIXGFTIKIJ^ 

SYWNFRNENSIMSTAYEKAIGIMP^^-VAYPKF^AGSKKYARDIVYG^m^L 

DQPVTIKTITOQmXjCEYSriPDreWAKTYVNVEFErTSFrFSYIAQE. 

1.3: Serotype 13 fiber protein 

XXXXXSAFITFMLLQMiaiARSSXDTlWVYPYGYARNQNIXFXTPPFV?^ 

KNFPPGXa^UOJVDPrnANGDVSUCVGGGLTLQEGSLTVDPKAPU^IAN^ 

LVYDDPFEVSTNKISUCVGHGLKVUJDKSAGGI^UGKLVVLTGKGIGIEN^ 

NDDGSSRGVGINVOU-GTDGGLSFDRKGELVAWhmKDDRRTLWTTPDPSPNC^ 

ErEKDSKLTLVLTKCGSQILATVSnVLKGKYEF\TCKETEPKSroVKIJJT>SK^ 

IJPTS^a^KEYW^^YRSYDN^^GTPYENAWFMPNLKAYPKPTIa'ASDK^ 

AKNHVSNFYFGGQAYQPGTiniaT^EEroErCAYSITFNFGWGKVYDNPH^^ 

FTXSYIAQE. 

1.4: Serotype 14 fiber protein 

HPFINPGHSPNGFnjSPDGVLTLK(XTPLTTrcGSUJUCVGGGLT\a)DT^ 

OTGATTPLVKTGHSIGI^lX)AGUm)ENKLCTKLGEGLTFNSN^ 

GVNFreANajMMDSSESNDOOJLTLAnKTCALVTAFVYVIGVSNh^ 

INITAELFFDSAG^O>TSLSSIJCTPLNHKSGQTWIXVPll.M^^ 

EKNIGrTFm.VlTQLVrriJJTLTISVM^ 

QTSATTLVTS 

1.5: Serotype 20 fiber protein 

IQNIPI^TPPFVSSDGLQNFPPGVIJSLKIADPIAIVNGNVSLKVGGGITVEQM 

IAhn»KAPLQVANDKLEl^YAYPFETSA]m^IJCVGQGLKVU)EKDSGGLQN^^ 

KLVVLTGKGIGVEELIaWDNT^fRGVGINVRIX}KIXHJI^FNKNGELVAW^^ 
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Figure 7 cont. 

TGTLWTIPDPSPNCiaEEVKDSia.TLVLTKCGSQIIATMAI^VVKGTYEW 
AKNSFSIKIJJT)DNGKII^SSLDKDYWNFRSDDSnPNQYDNAVPFMPNI^ 
KPSTVIJ»STDKNSNGK^mvSNLYI^GKAYQPVAVTrIP^^aEIG(^ 
KTYDVPIPFDSSSFT 

1.6: Serotype 23 fiber protein 

QNIH1.TPPFVSSIXjFQNFPPGVLSIJKLADPIArmGDVSU^ 

KVNTKAPLQVAADKQLEIAI^PFEVSKGRUilKAGHGUCVIDNSISGIJEGLVGT 

LVVLTGHGIGTENIlJWIXJSSRGVGINViaXiKIXKjlJSFDKKGDLVAWh^ 

RTLWTTPDPSPNCKVIEAKDSKLTLVLTKCGSQILANMSUJLJCGTY^ 

KSFTIKUJ^KGV1AIIX3SSU)KDYWNYKSDDSVMSKAYENAWF1^ 

NFITSTIM>STDKK5NGKNAIVSNVYI^GRAYQPVAITITFNI^^ 

GWSKVYNDPIPFDTSSLT 

1.7: Serotype 24 fiber protein 

SCSCTSAPTIFMUXiMiaLUIPSEDTFNPVYPYGYARNQNra^ 

NFPPGVI^UOLADPIAITNGDVSIJKVGGGLTVEKDSGNIJCV^ 

mAIAYPFEVSNGKUSnCAGHGIJCVroKIAGIJEGlAGTLVVLTGKGlGTEN^ 

IXJSSRGVGI^mlLAKIXK3I^FDKKGDLVAWNKHDDRRTL^^ 

ERDSKLTLVLTKCXJSQIIJ^SIXV\^GKFSNI^n'^NT^^^ 

IMI>SSTUCKEYWNYRM>NSTVSQAYDNAWFMPNIKAYPKFrn^ 

SAAKRYIVS^mfIGGIJ»DIaVVIT^a^AKrECAYSITFEI^^ 

TFSYIAQE. 

1.8: Serotype 25 fiber protein 

SCSCTSAPTIFMLIXJMiaURPSEDTFNPVYPYGYARNQMPFLTPPFVSSD^^ 

NFPPGVl^LKI^PmSNGDVSLKVGGGLTVEQDSG^ILSVNPKAPLQVGTDKKL 

EIJVI^PFNVK»NKmLLVGDGLKVroKSISXIJ»GlJJ4YLV^ 

DIX3SNKGVGlX:VRIGEGGGLTFDDKGYLVAWNKiaiDIRTLWTTlJ^ 

VDia)SKLTLVLTKCGSQILAhrVSIXVVKGRFQhOryXlWNlPKT^^ 

GILKDSSNIJ)KNYWNYRNGNSIIAEQYKNAVGFMPNIJVAYPKSTTTQSKLY 

NTIFGhmfLDSQAYNPVVIKITFNQEADSAYSnXJ^SWGKDYENIPFDS 

1.9: Serotype 27 fiber protein 

nTLTPPFVSSIXjFKNFPPGVIJJIJaJVDPITITNGDVSLKVGGGLVV^ 

DPKTPLQVASDNKUELSYNAPFKVENDKI^mVGHGLKVIGNEVSSLPGLINKLV 

VLTGKGIGTEELKEQNSDKHGVGINVRARGGLSFDNDGYLVAWNPKYDTRTLW 

TTPm^FNCKMLTKKDSKLTLTLTKCXiSQILGNVSUAVSGKYU^lk^^ 

IIIJ5)RNGVIMQESSlJ)KEYWNYRhroNNVIGTPYENAVGFKff 

DAKNYSRSKIIS^mrLKGIJYQPVIIIASFNQETTNGC^VYSISFDFTCSKDYTGQQF 
DVTSF 

1.10: Serotype 28 fiber protein 

SCSCPSAPTIF^iLLQMIa^UlFSEDTI^^«»\^fPYGYARNQ^^PFLTO^ 

NFPPGVl^Lia^PmANGDVSLKLGGGLTVEKESGNLTVNPKAPLQVASGQLE 

IAYYSPFDVKNNMLTLKAGHGIAVVTKD^^T^U^PLMGTLVVLTGKGIGTGT^ 



37 



EPO 978566 A2 



Figure 7 cont. 

HGGTIDVRIGKNGSLAFDKNGDLVAWDKE^^)RR^l.WITP^^SPNCmSE^^a^ 
KLTULTKCGSQILGSVSIXAVKGEYQNl^ASTNKNVKITUJ^)^ 
DKEYWNFRNNDSTVSGKYENAVPFMPNlTAYKPVNSKSYARSHIFGNVYroA^ 
YNPVVraSFNQETQNNCWSISFDYTCSKEYTGMQEDVTSFTFSYIAQE. 

1.11: Serotype 29 fiber ptDtein 

QNIPFLTPPFVSSDGFK^nFProVI^IJa^PIA^mGDVSIJCVG(^ 

SVNPKAPU?VGTDiaa.ELAIjyTFDVRDNKLAILVGDGIJCV^ 

LVVLTGKGIGNEELKNDXXjSNKGVGLCVRiaEGGGLTTODKGYLVAWNNKIlDI 

RTLWTIlX»PSPNCKIDIEia)Sia.TLVLTKCGSQILANVSlJIVNGKFKIl^^ 

IJ»KSFNIKliFDQNGVIJJENSNIEKQYIJ«^SGDSIU>EPYKNM^ 

ATTIXJSKIYARmTV'GNrmJNQPYlSIPVVIKITFNN^^ 

NIPFDSTSFTS 

1.12: Serotype 30 fiber protein 

SCSCPSAPTIimUJMiaiARPSXDTFWVYPYGYAIWQNIPF^ 
NITPGVl^IJaJUDPIAITNGDVSLKVGGGLT\^DSGhaJS\a^XKAPLQVGTDK^ 
X33LALAPPFDVRDNKUULVGDGIJKVIDRSISDIJPGIJjm.V^ 
rroiXJSNKGVGLCNnRIGEGGGLTXDDKGYLVAWNNKiromTLWI^^ 
DIEroSKLTLVLTKCGSQIIJVlWSUIVNGKFKII^^ 
V11£NSNIEKQYIJ«^FRSGDSIIJWYKNAIGFMP^«JLAYAKA^^ 
GNIYlX>NQPYNPVVIKnPNNEADSAYSlTFNYSWrKDYDNIPFDSTSFIPSYIAQ 



1.13: Serotype 32 fiber protein 

SCSCreAFniiMLI^MiaiARPSEimWVYPYGYAimQNn>H.TP^ 

OTYPGVI^UCIj\DPmANGNVSLKVGGGLTlJEQDSGiaJVNPI^^ 

IJSYADPFETSANia^IJCVGHGLKVIJ3EKNAGGLia5UGTLVVLTGKGlGVEELK 

NAD^rImGVGINVRIX3KIXKJLSFDKKGDLVAWNKHDDRRTLWTTPDPSPNOT 

DEERDSKLTLVLTKCGSQILANVSIXVVKGKK^^N^mWTDKK^ 

GVLMDSSSL^CKEYW^^yR^^)NSWSQAYDNAYPFMPNIKAYPKFITO 

KKSAAKRYWSNVYlGGLPDKT\mTIKIJ4AEreSAYSMTFEF^ 

SSSFTFSYIAQE. 

1 . 14: Serotype 33 fiber protein 

SCSCTSAPTIfmLQMKRAIU^EDTITWVYPYGYAIWQNlPF^ 

NFPPGVI^LKI^PITrmGDVSIXVGGGLTI^HjSLTVNPKAH^ 

VYDDPFEVSTNKl^LKVGHGLKVLDDKSAGGLQDUGKLVVLTGKGIGIENLQN 

DDGSSRGVGIhrVRLGTDGGI^FDRKGELVAWNRKDDRRTLWrrPDPSPNCKAE 

TEKDSia.TL\a.TKCGSQILATVSIIVLKGKYEFVKKETEPKSFDVm^^ 

PTSNI^KEYWNYRSYDNMGTPYENAVPFMPNLKAYPKITICrASDKAENKISSA 

KhnaVSNFYFGGQAYQPGTIina'NEEIDmx:AYSrnWGWGKVYDNPFPro 

TFSYIAQE. 

1.15: Serotype 34 fiber protein 
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SCS(TSAPTIFMLUJMKRARPSEDTFNPVYPYEDESTSQHPFINPGnSPN 

SPDGVLTLKCLTPLTTIXKjSLQIJCVGGGLTVDIOT)GTLQI^^ 

ELTIGNGLETQHNKLCAKIXJNGLKFNNGDICIKDSIhriLW^ 

TMX}ia.TLVLVKNGGLVNGYVSLVGVSI7r\^QMFrQKTAMQIJlLYFDSSGN^ 

LTDESDLKIPLKNKSSTATSETVASSKAFMPSTTAYPFNTITRDSENYfflGICT^ 

TSYDRSIJTIJ«SIMIJ^SRNflSSNVAYAIQFEWNLNASESPEKQHNrn.TrSPF^ 

nEDDN. 

1.16: Serotype 3S fiber protein 

SCSCreAPTIFmLQMiaiARreEDTFWVYPYEDESTSQHPI^^ 

SHX;VLTlJKCLTPLTTTGGSLQUCVGGGLTVDim>GTLQEM^ 

El^IGNGLETQNNKlJCAlaXiNGLKF^WGDICmDSINTLWK3INPPPN 

TNIX}KLTLVLVKNGGLVNGWSLVGVSiyn^QMFTQKTANIQLRLYn)SSGl^ 

LTEESDIJCIPLKNKSSTATSETVASSKAFMPSTTAYPFNTITIU3SE^^^ 

TSYDRSm>IJ«SIMLNSIU^SSNVAYAIQFEWNIJ^ASESPES^^MTLTTS 

TEDDN. 

1.17 SoDtype 36 fiber protein 

scscTSAI^^^ml^MIa»Aw«EDTF^a»VYPYGYARNQ^ra»F^^ 

NFPPGVl^IjaADPIAIVNGDVSUCVGGGLTVEQDSGKI^VNPKIPUJV^^ 

IJVTDKPFKIENNKIJaJDVGHGLKVroKTISDI/JGLVGKLVVLTC 

^roKVIGSAVNVRLGKIXX3LDF^0aCGDLVAWNRYDDRRTLWTIPDPSPN(^ 

EAia^SKLTLVLTKCGSQJUVSVAUJVKGKYQTISESTIPKIXJRM^VKIJ^^ 

mj)KSSIJDKEYWNFRSNDSWGTAYDNAWFMPNLKAYPKNTrrSSTNPDDKI 

SAGKKMVSNVYIJEGRVYQPVALTVKFNSEMX:AYSriTOFVWSKTYESPVAro 

SSSFTFSYIAQE. 

1.18 Serotype 37 fiber protein 

SCSCPSAPTIFMLLQMIalAIU«EDTF^a»VYPYGYARNQNIPFLTPPFVSSDGFK 

NFPPGVI^IJKLADPITITNGDVSIJCVGGGLTLQIXJSLTXWKAPUJVNTO 

AYDNPFESSANKI^UCVGHGIJCVlI)EKSAAGUa)LIGKLVVLTGKGIGTENLEN 

TDGSSRGIGINVRAREGLTFDNIXJYLVAWNPKYDIJlTLWTTPIXrePNCI^ 

DSIa.TLVLTKCGSQILA^rVSLIVVAGKYHIINNKTNPKIKSF^KlJJ^^ 

NSNLGKAYWNFRSGNSmrSTAYEKAIGFMPNLVAVSKPSNSKKYARDIVYGNIY 

UMjKPDQPGVKTn^QETCCEYSITFNFSWSiaYEh^ 

1.19 Serotype 38 fiber protein 

SCSCPSAPTIFmM}MiaiAW«EDTTiWVYPYGYARNQNIPFXTPPF^ 

NFPPGVI^UOJVDPmANGhfVSUCVGGGLTLEQDSGKUVNXKAPLQ 

1^YADPI^SANKLSUCVGHGLKV1J)EKNAGGIJKDUGTLVVLTGKGIGVEELK 

NAD^^ImGVGIlWRLGKIXK3I^roKKGDXVAW^IKHDDRRTLWTTPDPSPNC^ 

DEERDSKLTLVLTKCGSQILANVSIl.VVKGKFS^^NN^r^NPTDK^^ 

GVLMDSSSLKKEYW^^m©NSTVSQAYDNAVPFMPNIKAYPKPTTDTSAKPED 

KKSAAKRYWSNVYIGGIJ>DKTVVaTIKIJsfAEIESAYSNnTWrWAKTF^^ 

SSSFTFSYIAQE. 
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Figure 7 cont. 
1.20 Serotype 39 fiber protein 

IRISPSSIPPI^PPMDSKTSPLGCYHSNWLTQSPSPMGMSHSRWEGGSPWQEGTG 

DLKVNAKSPIJJVATNKQLEIALAKPFEEiaXjKLAUaGHGIJVVVDENim 

IGTLmTGKGIGTGRAESGGTIDVRmSGGGI^roiaXSNLVAWNKDDDRRTLW 

lTPDPSPNCKIDQDKDSia,TFVLTK<XSQILANMSLLVVKGKFSNnNNKVNGTO 

DYKKFTIKIXroEKGVIJja)SSlI)KEYWNYRSNNl>^ 

YPKPPTPPTNFITPI£KSQAKNKYVSNVYUK3QAGNPVATTVSFNKEroC^ 
FDFAWNKTYENVQC. 

1.21: Serotype 42 fiber protein 

SCSCPSAFITFmUJMiaiARPSEDTiTmrVPYGYARNQlsro 

NFPPGVLSUOJ^L^lTNGDVSLKVGGGLTLQlXJTGKLTIiyr^ 

lAFDAPLYEKNGKLAUCTGHGLAVLTKDIGIPEUGSLVILTGKGIGTGTVAGGGT 

roVRIX!DIXK3I^FDKKGDLVAWNKKM>RRTl.WITPDPSPNCRVSEDKDSKLTU 

LTKCGSQILASFSIXVVXGTYT^VDK^ITT^«CQFSIKUJq)ANGKIJ^ 

NYRSDNSWS^PYDNAVPIW^^ITAYPKImSTroPENKKSSAKKT^VGN^^ 

NAGQPVAVAISFNKETTADYSrrFDFAWSKAYETPVPFDTSSNfTFSYIAQE. 

1.22: Serotype 43 fiber protein 

MPXLTPPFVSSIX3FKNFPPGVI^IjajU3PriTmGDVSLKVGGGLT^ 

VNPKAPIXJVAKGQLELAYDSPFDVKNNMLTLKAGHG^JVV\^KD^m)^ 

TLV^a.TGKGIGTGTSAHGGTroVWGKNGSlJVFDKDGDLVAWDKE^roRRTLW^ 

TPDTSPNOCMSEAKDSKLTIJLTKCGSQIIXJSVSIXAVKGEYQNMTAOT 

TLLJFDANGVIJLAGSSXXKEYWNFRSM)STVSGNYENAVQFMP>^ 

YARSVIFGNVYIDAKPYNPVVIKISFNQETQNNCVYSISFDYTLSKDYPNMQFDV 
TLS 

1.23: Serotype 44 fiber protein 

NIPFLTPPFVSSIX3FQNFPPGVI^UaJU>PnTmGNVSUCVGGGLTIXJEGTCD^ 

VNAKSPlXJVATNKQLEIALAKPFEEKDGKLAUaGHGI^VTVDENHimQSLIGTL 

VILTGKGIGTGSAESGGTroVRlX}SGGGI^FDKDGNLVAWNia>DDRRTLWn^ 

PSPNCKHXJDKDSKLTFVLTKCGSQILAhMSLLVVKGKFSMINNKVNGTDDYKK 

FnKIJJT>EKG\ajja)SSU)KEYWNYRSNNhmVGSAYEEAVGF\^ 

TPFmPTIPLEKSQAIO^YVSNVYLGGQAGNPVATTVSFNKEIXXnTSr^ 

WNKTYENVQFDSSF 

1.24: Serotype 45 fiber protein 

NIPFLTPPFVSSrx;FQhnFPPGVI^Ua.ADPIAITNGDVSLKVGGGLTVEKDSGhlLK 

VNPKAPLQVTTDKQIJEIALAYPFEVSNGmSIKAGHGLKVroiaAGI^lAGTLV 

VLTGKGIGTENI^SIX5SSRGVGINVRLAiaX}VIjyT)KKGDLVA\WI^ 

LWTTPDPSPNCI^DQERDSKLTLVLTKCGSQIIANVSIXVVKGKFSNIN^^ 

DKKTTVKUJiNEKGVlJ^SSTUCKEYWNYRhlDNS^^ 

PKPSTOTSAla»EDKKSAAKRYIVS^^V^nGGLPDKTVWIKFNAE^ECA^^ 
WAKTFEDVQCDSSSFT 

1.25: Serotype 46 fiber protein 
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NIPFLTPPFVSSIXJFiaSIFPPGVl^lJCLADPIAIVNGDVSL^ 
AKAPIX2VA^^DNKI£LSYADPFEVKIy^a^IJCVGHGUCVroEKTSSG^^ 
VVLTGKGIGTQELKDKDDE^mGVGINVRIGKNESLAFDKIXJNLVAWDNE^ro 
RT1.WITPDTSSKFVKISTEKDSKLTLVLTKCGSQIIASV 

QKSIKVSLMFDSKGLLMTOSroKGYW^^mOa^SWGTAYENAIPFMPNLVAYP 

RPNTPDSKrY-ARSKIVGNVYl^GlJVYQPIVITVSFNQEiaJASCAYSm^AW^ 

YVGQFDTTSFT 

1.26 Serotype 47 fiber protein 

SCreAPTIFmIX^MIalAM»SEI)TFNPVYPYGYAIWQ^aPIl^ 

PPGVI^LH^PlTrmGDVSIJKVGGGLTLQEGTGNLTVNAKAPLQVADDI^^ 

l^YDNPFEVSA^fKI^LKVGHGLKVLDEKNSGGLQEUGKLVILTGKGIGVEELKN 

ADmmGVGlNVRUJKIXXILSFDKKGELVAWNKHNDTRTLWTIPDPSPNCm 

QDKDSKLTLVLTKa5SQ^^T^^AI^VVKGTYEmSK^^^AKKSFSIKIJJT^ 

I^SSLDKDYWNFRNDDSIMPNQYDNAWFMPNUCAYPNPKTSTVLPSTDKKSN 

GK^mVSNLYI^KAYQPVAVTITFNKETGCTYSITFEFGWAKTYDV^^ 

TFSYIAQE. 

1.27: Serotype 48 fiber protein 

SDIPFLTPPFVSSDGFQMPPGVI^LiaJ\DPnTmGNVSIJKVGGGLTLQEGTGDLK 

VNAKSPLQVATNKQLE^AIAKPFEEKIXJKIJUJaGHELAVVDE^ILT^ 

VILTGKGIGTGRAESGGTIDVWX;SGGGI^FDKIX3NLVAWNia)DDRRTLWTrPD 

PSPNCIODQDimSKLlI^TKCGSQILANMSIiVVKGKFSNlIM^ 

FnK LLPDE KGVIJJmSSLDKEYWNYRSNNNNVGSAYEEAVGFMPSTT 

TPPTNFITPLEKSQAKNKYVSNVYIiXKJAGNPVAriVSFNKETG 

WNKTYKMAFIPRFNF 

1.28: Serotype 49 fiber protein 

SCSa«AITnim,LQMiaiAIU«EininMPVYPYGYARNQNIPFLTPP^^ 

NFPPGVI^LKLADPIAITNGNVSLKVGGGLTVEQDSGNUCVNPKAPUJVATO 

LEXSI^PFEVKMaa^LKVGHGLKXODENISTLQGLLGNLVVLTGMGIGTEELK 

KDDKTVGSAVNVRUJQIXKJLTFDKKGDLVAWNKENDRRTLWITTDP 

EEKDSKLTLVLTKCGSQn^SVSIi\rVKGKFANINNKTNPGEDYKXreVKU^ 

NGKIiTGSSLDG^r^VNYKNKDSVIGSPYENAVPFMPNSTAYPKIINNGTANPE^ 

KKSAAKKTIVT^^^mXKJDAAKPVAT^SFNKEreSNCVYS^^ 

PFDSSSLTFSYIAQE. 

1.29.: Serotype 51 Fiber protein 
SCSCPSAPTIFMLLQMiaiAIlPSEDTliWVYPYED 

SPDGVLTLNCXTPLTTTGGPLQliCVGGGUVDDTDGTLQENmvrAPrrKN^ 

ELSIGNGIJETQ^mIax:AKLGNGLIaW^GDICIKDSI^rI^.WTGIKPPP 

T^^XIKLTLVLVKNGGLVNGYVSLVGVSD^rVNQMF^QKSATIQUtt.YFDSSGN^ 

TDESNLIaPlJC^^CSSTATSEAATSSKAFMPST^AYPFNTITRI>SENYmGICYY]^ 

SYDRSLVPL^«SIMLNSRT^SSNVAYAIQFEWN^J^AKESPES^^ATLTrePFFFSY^ 

DTTKaSLCYVSTCLFFN 
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RgureS 



Sbfl 
19776 




PCR fragments 



BamHI BamHI 



Fsel Muni Spel 



Sbfl 




1 : AHexl : 5'- CCT GGT GCT GCC AAC AGC- 3' 

2: AHex2: 5'- CC GGATGC GAATTG GGA AAG COG GCG CGC G- 3' 

3: AHex3: 5*- CO GGATCC TGATGA AGA AGC AAG CAA GAT CAA CAA C- 3' 

4: AHex4: 5- GAG AAG GGC ATG GAG GCT G- 3' 
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Figure 10 

1.1: Serotype 34 hexon protein 

I^RRAPGFPLVKMATPSMlJXJWAYMmAGQDASEYLSPGLVQFARATDTYFNL 

GNKFRNPTVAPTHDVTroRSQRIJ^^LRF\a>VDRED^^^V'SYKWYT^ 

DMASTFFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNASQWLDKGVTSTGLVDD 

G^m)IXJEEAKKATYTFGNAPVKAEAEITKDGLPVGLEVSTEGPKPIYADKLYQP 

EPQVGDETWTDUXSKTEEYGGRVLKFETKMKPCYGSFAKPTMKGGQAKVia'K 

EDDGT^WffiYDroMNFFDIJlSQRSELKPKIV^^^AENVDI^CPbTHV\^^ 

ASSETNlXJQQSMPNRPNYIGFRDmGUwrnnNSTGNMGVLAGQASQLNAVVDL 

QDRNTELSYQULDSIXjDRTRYFSMWNQAVDSYDPDWVffihfHGX^ELPhfYCF 

PU)GVGPRTDSYKEIKPNGIXJSTWTma)FrGSSELAKGNPFAMEINLQANLWRS 

FLYSNVALYU>DSYKYTPSNVTLPENKm'YDYMNGRVWPSL\T)TYVNIGARWS 

IJJAMDNVNPFNHHRNAGIJlYRSMIXGNGRYVPFfflQVPQKH'AVKNIJ^ 

YTYEWNFRKDVNMVIXJSSLGNDUlVDGASISFrSIl^YATFFPMAHNTASTl^ 

MUmDTMXJSFWYLSAANMLYPIPANATNIPISIPSRNWAAFRGWSFI^ 

TPSLGSGFDPYFVYSGSIPIJ)GTFn.NHn^VSIMFDSSVSWPGNDRLLSPNEPEI 

KRT\TXjBjYhrVAQCNNm)WFLVQNn.AhrmGYOGFVlPEGYKDRl^ 

QPMSRQVVDEVhnfKDFKAVIPYQHNNSGFVGYMAPTMRQGQPYPANYPYPUG 

TTAVNSVTQKKFLClJRTNfAVRIPFSSNFMSMGALTDLGQNNI^ 

E\fT>PMDEPTLLYLLFEVFDVVRVQPHRGnEAVYLRTPFSAGNATT. 

1.2: Serotype 35 hexon protein 

LSRRAPGFPLVKMATPSMIJPQWAYMHIAGQDASEYl^PGLVQFARATDTYFN^ 

GNKF RNPT VAPTHDVTTORSQRIJ^RFVPVDREDNTYSYKWYTLAVGDNRVL 

DMASTFFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNASQWLDKGVTSTGLVDD 

GNTDIX5EEAKKATYTFGNAPVKAEAEITKDGLPVGLEVSTEGPKPIYADKLYQP 

EPQVGDTWTDLIXjKTEEYGGRVIJCPETKMKPCYGSFAKPTNIKGGQAKVKPI^ 

DDGTNMYDIDMNFFDLRSQRSELKPKIVMYAENVDLECPDTHVVYICPG^^ 

SETNLGQQMPNRPNYIGFRDNHGLMYYNSTGNMGVLAGQASQLNAVVDLQDR 

NTEl^YQlXI^LGDRTRYFSMWNQAVDSYDPDVRVffiNHGVEDELPNYCFPLDG 

VGPRTDSYKEIPNGIXJST\^^WVDPTGSSELAKG^n*FAMEI^ILQANLWRSFLYSN 

VALYlPDSYKYTSNrm.PENKOTYDYMNGRVVPPSLVDTYVMGARWSU)AMD 

NVNPFNHHRNAGRYRSMlXGNGRYVPFfflQVPQKFFAVKNLLLLPGSYTYEWN 

FRKDVNMVLQSSLDLRVDGASISFrSINLYATFFPMAHKrASTI£AMU^ 

QSF^roYIJSAANMLYPIANATNOTSIPSRNWAAFRGWSFmLKTKETPSLGSGFDP 

YFVYSGSIPYIJX}TFYLHTFKKVSIMFDSSVSWPG^^)RIXSPNEFEIKRTVDGEGY 

NVAQCNMTKDWFLVQLANYNIGYQGFYIPEGYKDRMYSFFRhfFQPMSRQVVDE 

V^^lfKDFKAVAIPYQHNNGFVGYMAPTMRQGQPYPA^^VTYPUGT^AVNSVTQK 

KFLCDRTMWRXPFSSM^ALTDUjQNMLYANSAHAUJNm^VDPMDEFTIXY 

LLFEVFDWRVHQPHRGIIEAVLRTPFSAGNATT. 

1.3 Serotype 36 hexon protein 
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Figure 10 cont. 

I^RRAPGFPLVmATPSMLPQWAYMfflAGQDASEYI^PGLVQFARATlDTYFNL 

GNKFRNPTVAITHDVTroRSQRLMIJa^VDRED^mfSYK^ 

DMASTFFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNASQWLDKGVTSTGLVDD 

G^^T)IX3EEAKKATYTFGNAPVKAEAEITKDGLPVGLEVSTEGPKPIYADKLYQP 

EPQVGDTWTDIJXjKTEEYGGRVIja*ETKMKPCYGSFAKFIT^ 

DIX^T^NIYDroM^«^a)IJRSQRSEIJKPKIVMYAE^rva>IJ^ 

SETmGQQSMPNRFNYIGFRDNnGLNryYNSTGNMGVLAGQASQLNAVVDLQD 

RNTELSYQUJ)SLGDRTRYKMWNQAVDSYDPDVRVIE^nE^GVEDELP^nrCIT^ 

GVGPRTDSYKIKPNGDQSTWINVDFTGSSEIJyCGNPFAMEINIXJANLWJ^ 

m^ALYLPDSYKYTPShrNmJ'ENK>rrYDYMNGRVWPSLVDTYVMGARWSlJ^ 

MDm^NPF^mHRAGLRYRSMIXGNGRYWFfflQVPQKFFAVKNLLLLPGSYTYE 

WNFRIa)V^MVLQSLG^roUlVDGASISF^SINLYATFFPMAH^ 

TNDQSF^roYI^AA^IMLYPIPANAT^^PISIPSRNWAAFRGWSFTRLKre 

GFDPYFVYSGSIPYIXJTFYIJ^HTFKKVSI^flT»SSVS^^TG^roI^^ 

GEGYNVAQC^«s4TKWFLVQMLANYNIGYQGFYIPEGYKDRMYSFFRNFQPMSR 

QVVDEVNYIO^FKAVIYQHNNSGWGYMAPTMRQGQPYPANYPYPLIGTrAVNS 

WQKKFLCDRTMWRIPFSSNFMSMGALTDLGQNMLYANSAHALDl^m'EVDPM 

DEPTLLYLLFEVFDVVRVQPHRGIIEAVYLRTPFSAGNATT. 

1.4: Serotype 41 hexon protein 

VCN^VAARGAAEPPRARFPLVKMATPSNIMPQWAYMHIAGQDASEYLSPGLVQ 

FARATDTYFSLGNKFRNPTVAFrHD\aTDRSQIU;n^RI^VDREDTTYSYKARFT 

LAGDNRVLDMASTYFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNSSQWADKE 

RVNGGGhrnCDVTKTFGVAAMGGEDITEKGUaGTDTTANEPIFADKNFQPEPQV 

GEENQEnW^GGRAUCKETKMKPCYGSFARPmEKGGQAKFnGDNGQPTENH 

DIT^tAFDTPGGT^X3GTGGPQDEIJKADIVMYTE^ronJETP^^ 

EWLVQSMPNRP^^y'IGFRDNFVGLMYYNSTGNMGVLAGQASQLNAVVDLQDRN 

TELSYQLLDSLGDRTRYFSMWNSAVDSYDPDVRUENHGVEDELPNYCFPLDGSG 

TNSAFQGKIKQNQDGDVNDDWEKDDKVSTQNQICKGNIYAMEINLQANLWKSF 

LYSNVALYU)SYKYTPANVT1JPTNTNTYEYMNGRVVAPSLVDAYINIGARWSLD 

PMD^^^^F^IHRNAGLRYRSNASGQRPIJtAIJ•HPSAPK\a.CHQEPAPAPGIJJ^I^ 

VEIPQGRQHDAEFPRKRPARRRRLRALRQRQPLCHILPHGAQHRLHPGSHAAQR 

HQRPVLQRLPLRQHALPHPGQGHQRAHLHPLAQLGRLSRLEFHPAQDQGNSFPR 

UiFRPLLClJ.GIJHPLPRRDIJJ»QPHLQEGLHH\nm.GQLARQRPAVTPNEF^ 

VIXjEGYNVAQCMTKDWFLVQMI^HYMGYCKJFHWEGYKDRMYSFFRNFQPM 

SRQVVDEI>ma>YAVTLPFQHNNSGFrGYIjynrmQGQPYPANFPYPU^ 

SVTQKJO^CDRVMWRIPFSSNFMSMGALTDLGQNMLYANSAHALDITFEVDPM 

DEFTLLYLLFEVFDVWHQPHRGVIEAVYLRTPFSAGNATr. 
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